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Dear Mr. Kelly:

Fuller, Mossbarger, Scott and May Engineers, Inc. (FMSM) is submitting the geotechnical
engineering report for the referenced retaining structure with this fetter. The exploration
described herein generally followed the guidelines presented in the Kentucky Transportation
Cabinet's Geotechnical Manual and the Final Boring Plan dated February 28, 2006. This
report also addresses comments offered by the Branch subsequent to their review of a draft
copy of this report.

This report presents results of the field exploration along with our recommendations for the
design and construction of the subject retaining wall. As always, we have enjoyed working
with your staffand if we can be of further assistance, please contact our office.
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Report of Geotechnical Exploration
Retaining Wall S9280 (W65-10)

Ohio River Bridges Project
Kennedy Interchange - Section 1
Iltem Nos. 5-118.18 & 19
Jefferson County, Kentucky

1. Introduction
1.1 Project Overview

The Bi-State Management Team, consisting of representatives from the Federal Highway
Administration (FHWA), Kentucky Transportation Cabinet (KYTC) and Indiana Department of
Transportation (INDOT), is planning and overseeing the design of the Ohio River Bridges
Project, that will address the cross-river transportation needs in Louisville, Kentucky and
Southern Indiana. The Ohio River Bridges Project consists of six (6) separate design
sections.

e Section 1 - Kennedy Interchange

e Section 2 - Downtown Bridge

e Section 3 - Downtown Indiana Approach
e Section 4 - East End Kentucky Approach
e Section 5 - East End Bridge

e Section 6 - East End Indiana Approach

As a part of the Ohio River Bridges Project, the Kennedy Interchange will be
reconstructed/relocated just south of its current location. The relocation includes the
widening, reconstruction and construction of over 80 bridges, construction of approximately
28 retaining walls and about 22 miles of roadway, ramps and connectors to allow for more
efficient traffic movement. Kentucky Transportation Associates (KTA), a collaboration of
several engineering consulting firms, is serving as the design consultant for the Kennedy
Interchange reconstruction/relocation.

1.2. Structure Location and Description

Reconstruction of the Kennedy Interchange section of the Ohio River Bridges Project
includes widening of the existing interstate alignments to accommodate additional lanes of
traffic and numerous new entrance, exit, and connector ramps planned to improve traffic
flow. Design of the widened alignments and new ramps incorporates the use of retaining
walls to address right-of-way constraints and limit encroachment upon adjacent property.
This report specifically addresses the geotechnical concerns relative to the retaining wall
designated as S9280 (W65-10). Project plans provided to Fuller, Mossbarger, Scott and
May Engineers, Inc. (FMSM) by KTA-American Consulting Engineers, PLC (American),
indicate this retaining wall is proposed to accommodate the construction of Ramp 2. The
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planned wall is located on the southeast side of I-65 between bridge S0760 (B65-6), the
Ramp 2 crossing over S0620 (BA-1), Jefferson Street, and Jackson Street and S0450 (B65-
9), the I-65 crossing over East Market Street. The proposed wall alignment roughly parallels
the existing interstate. The map provided in Appendix A illustrates the retaining wall site in
relation to the planned project alignments and associated structures as well as the existing
city streets and current interstate alignment. Appendix B presents structure drawings
downloaded from the KTA ProjectWise website on March 1, 2007. The recommendations
provided in this report are based on the wall configuration presented in these drawings.

Project plans indicate the wall is to be constructed between approximate Ramp 2 Stations
39+00 and 42+08, resulting in a length of approximately 308 feet. Cross-sections show the
beginning of the wall to be situated near the toe of the existing interstate embankment and to
climb the slope moving ahead-station and then moving back down the embankment near the
bridge S0450 (B65-9). In addition, a shorter toe wall is positioned approximately 20 to
50 feet downslope from the proposed retaining wall. It is our understanding that this
arrangement was selected to provide green space for plantings between the walls in order to
satisfy aesthetic design requirements for the project. Structure plans indicate two options are
being explored for the wall; (1) Mechanically Stabilized Earth (MSE) wall, and (2) Cast-in-
Place (CIP) Cantilever Retaining Wall. The maximum wall height is on the order of 36.0 feet
for the MSE option and 37.0 feet for the CIP option, as measured from the bottom of footing
up to roadway grade.

Based on discussions with the Design Team, both the MSE and CIP alternates are being
advanced for the subject retaining wall. Therefore, recommendations will be provided herein
for each alternate, including separate geotechnical drawing sets in Appendix C and D for the
MSE and CIP alternates, respectively. The recommendations provided in this report are
based on wall geometries, heights and bearing elevations discussed herein. If roadway
design modifications result in retaining wall geometries different than those discussed and
evaluated herein, the Design Team should notify FMSM and provide the design changes for
re-evaluation of the retaining wall systems and modification of the recommendations, as
applicable.

2. Topography and Geologic Conditions

The project is located in the northwestern portion of Central Kentucky within the Outer
Bluegrass Physiographic Region. The topography within the Outer Bluegrass varies from
rolling hills to relatively flat, low-lying areas adjacent to major drainage features. The
retaining wall site is located in downtown Louisville, approximately %:-mile south of the Ohio
River. As such, the Ohio River will influence groundwater levels at the proposed structure
site. Topography within the vicinity of the bridge is relatively flat, with local relief generally
less than five feet. However, highway embankments dissect the area and can rise as much
as 35 feet above the surrounding terrain.

Available geologic mapping (Geologic Map of Parts of the Jeffersonville, New Albany, and
Charlestown Quadrangles, Kentucky-Indiana, USGS, 1974) shows the structure site to be
underlain by Outwash deposits of the Pleistocene geologic period. The mapping describes
the Outwash as varying in thickness up to about 130 feet and consisting of sand, gravel, silt
and clay deposited as alluvium by low-gradient rivers formed by glacial melt waters.

The geologic mapping does not depict structure contours within the immediate vicinity of the
proposed retaining wall site because of insufficient data. However, structure contours drawn
on the top of the Waldron Shale in the Jeffersonville Quadrangle and the base of the New
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Albany Shale in the New Albany Quadrangle indicate the bedrock is relatively flat. The
mapping shows the Springdale Anticline to be located approximately 3.8 miles southeast of
the project, but does not note any faults or other detrimental geologic features to be present
within the immediate vicinity of the structure site.

3. Drilling and Sampling Operations

FMSM developed a boring plan for the proposed retaining wall after a review of available
structure plans, profiles, and roadway cross-sections provided by KTA. The original boring
plan called for the advancement of five sample borings, designated herein as Hole Nos. 1W-
27, 1W-77, 1W-78, 1W-368 and 1W-79. Section 4 of this report provides detailed discussion
of the subsurface conditions encountered during the drilling program.

KTA — Qk4 survey personnel established the boring locations and surface elevations in the
field in accordance with the Final Boring Plan dated February 28, 2006. Table 1 provides a
summary of the stations, offsets, elevations, and depths of the borings drilled for the subject
retaining wall (all measurements are expressed in feet). The boring locations presented in
the table are referenced to I-65 stationing.

Table 1. Summary of Borings

Refusal/

Top of Begin Length Boring Bottom

Hole Station/ Surface Rock Core of |Termination| of Hole

No. Offset* Elevation | Elevation | Elevation | Core Depth Elevation
1W-27 |657+58, 165'Rt. | 462.9 -- NR (402.9) - 60.0 402.9
1W-77 |658+67, 157'Rt. | 461.2 -- NR (401.2) - 60.0 401.2
1W-78 |1659+84, 182'Rt. | 462.6 -- NR (437.6) - 25.0 437.6
1W-368|659+85, 114’Rt. | 492.5 -- NR (417.5) - 75.0 417.5
1W-79|661+01, 130’Rt. | 462.2 -- NR (382.2) - 80.0 382.2

* Station and Offset based on 1-65 Centerline
NR indicates no refusal

FMSM personnel performed drilling and sampling operations in April and May of 2006.
A geotechnical engineer from FMSM monitored the field operations and adjusted the boring
program as field and/or subsurface conditions warranted. The drill crews advanced the
borings for the subject wall utilizing a truck mounted drill rig equipped with hollow-stem
augers. The field personnel generally performed soil sampling at five-foot intervals of depth
to provide in situ strength data and specimens for subsequent laboratory strength and/or
classification testing. Typically, undisturbed thin-wall (Shelby) tube samples were obtained
within cohesive soil horizons and standard penetration (SP) testing was performed within
granular (non-cohesive) materials. The drill crews checked each boring for the presence of
groundwater prior to backfiling. The Subsurface Data Sheets in Appendixes C and D
provide boring layouts that depict the locations of the borings in relation to the planned wall
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alignment as well as graphical logs presenting the results of the drilling, sampling, and
laboratory testing programs. Refer to Appendix E for the Coordinate Data Submission Form
summarizing the as-drilled boring locations, surface elevations, and associated latitudes and
longitudes.

The drill rig utilized for the sampling operations was equipped with an automatic hammer to
perform SP testing in accordance with Section 302-5 of the current KYTC Geotechnical
Manual. The use of an automatic hammer provides for a more efficient and consistent
transfer of energy than traditional SP testing with a safety hammer/rope/cat-head system.
Thus, blowcounts observed from an automatic hammer are lower than those observed with
the safety hammer system. Typical correlations for SP results used in geotechnical
engineering practice are based on the safety hammer system and require that blowcounts
from SP testing using an automatic hammer be corrected for efficiency. A discussion on the
correction of the blowcounts is included in Section 6 of this report. The corrected N-values
were used to derive strength and settlement parameters utilized in applicable engineering
analyses.

4. Soil, Bedrock, and Groundwater Conditions

The drilling and sampling operations performed for the retaining wall indicate the subsurface
materials consist of relatively thick (120+ feet) soil deposits consistent with the
outwash/alluvial type materials described by the geologic mapping. In general, the
subsurface materials observed during drilling operations primarily consist of a relatively thin
mantle of clay overlying sand deposits extending to bedrock. Drilling operations from
surrounding projects suggest the top of bedrock is about 125 feet below the ground surface.

Surface materials overlying the outwash deposits consist of topsoil, asphalt, concrete,
crushed stone, and fill materials associated with interstate construction and previous
development in the city of Louisville. Topsoil, approximately 0.4 feet in thickness, was
observed at the top of Hole No. 1W-78, drilled along the wall alignment near the toe of the
existing interstate embankment. Generally, the zone described as topsoil consisted of an
organic dark brown soil mantle containing grass roots. Hole Nos. 1W-27 and 1W-77 did not
encounter topsoil because the area had been stripped of topsoil for the current building
construction. Drilling operations encountered asphalt underlain by a layer of crushed stone
within Hole Nos. 1W-368 because the boring was located along the shoulder of the existing
[-65 northbound. Boring No. 1W-79 encountered concrete underlain by a layer of crushed
stone because the boring was located within the existing city sidewalk. Fill materials
consisting of silty to sandy lean clay mixed with cobbles, brick fragments, and glass were
observed in each boring drilled for the subject retaining wall. These materials were
encountered beneath the cover material in Hole Nos. 1W-27, 1W-77, 1W-78, and 1W-79,
and beneath the interstate embankment material within the hole drilled along the shoulder of
I-65. The thickness of these fill materials was observed to be on the order of two to four feet.

Hole No. 1W-368 was positioned along the shoulder of the existing exit ramp and advanced
through the roadway embankment to provide information concerning the existing fill material.
The field engineer described the embankment material as shale shot rock. Loose sands and
gravels, consistent with the outwash deposits encountered across the project area, were
observed below this fill material.
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The outwash deposits encountered within the test borings generally consisted of
approximately 13 to 16 feet of sandy lean clay overlying relatively thick sand deposits (100+
feet) with varying amounts of gravel and silt. The field engineer visually described the clay
soils as being brown to dark brown in color, damp to moist in terms of natural moisture
content, medium stiff to stiff in consistency, and containing varying amounts of sand and
gravel. The natural moisture content of the clay materials generally increased with
increasing depth.

The sands observed in the borings are brown to gray in color, fine- to medium-grained, damp
to wet in terms of natural moisture content, loose to dense, and contain varying amounts of
gravel sized particles. Uncorrected N-values from SP testing ranged from a low of 3 to a
high of 64 blows per foot. The upper 10 feet of the sand deposits encountered within Hole
Nos. 1W-77, 1W-78 and 1W-79 can be described as loose and exhibit low N-values (10 or
less), with an average uncorrected N-value of approximately 9. In general, the sand and
gravel deposits are medium dense to dense with N-values ranging from a low of 11 to a high
of 64 blows per foot (average uncorrected N-value of approximately 26).

FMSM personnel recorded an approximate measurement of the depth to the groundwater
surface at each boring during drilling and sampling operations. Based on the groundwater
level observations prior to backfilling the borings, the groundwater level at the structure site
varies from approximate elevation 420.9 feet at the location of Hole No. 1W-79 to 435.8 feet
at Hole No. 1W-77. The water level recorded at Hole No. 1W-77 seems to have been taken
from a perched water table so that information should be discounted during the evaluation of
this structure. The average elevation derived from the water levels taken at the time of
drilling is 421.2 feet, which correlates well with the normal pool elevation of 420 feet for the
Ohio River noted on the geologic mapping. The graphical logs provided on the Subsurface
Data Sheets in Appendixes C and D depict the approximate location of the groundwater
surface recorded in each boring, as applicable.

5. Laboratory Testing and Results
5.1. General

Selected soil specimens recovered during standard penetration testing and Shelby tube
sampling operations were subjected to natural moisture content, wash gradation (silt plus
clay determinations), soil classification, unconfined compressive strength, and one-
dimensional consolidation testing. Laboratory personnel developed the soil classification
identifications in accordance with both the Unified (USCS) and AASHTO soil classification
systems.

Laboratory testing was performed in accordance with applicable American Association of
State Highway Transportation Officials (AASHTO) or Kentucky Methods of soil testing
specifications. The test results were used to establish material properties for subsequent
engineering analyses to estimate soil bearing capacity and settlement of the proposed
retaining wall options, as well as evaluate the retaining wall stability. The following
paragraphs provide detailed discussions of the laboratory testing program

5.2. Testing of Cohesive Soils/Undisturbed (Shelby) Tube Testing
The borings drilled for the subject wall included undisturbed (Shelby) tube sampling within
predominantly cohesive soil horizons. FMSM’s soils laboratory extruded the tubes and

trimmed six-inch specimens. Lab personnel determined visual descriptions, unit weights
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(wet and dry), and natural moisture for each six-inch specimen prior to submitting a summary
of the extruded specimens to a geotechnical engineer for assignment of lab testing. The
laboratory testing performed on the extruded samples consisted of engineering classification,
unconfined compressive strength, and one-dimensional consolidation testing. The following
paragraphs provide further discussion of the test results.

5.2.1. Engineering Classification Test Results for Cohesive Samples

FMSM performed engineering classification testing on selected six-inch Shelby tube
specimens. The testing generally included one classification test per soil type in a Shelby
tube. The cohesive soils primarily classify as SC with one occurrence of CL according to
USCS, and as A-6 with lesser occurrences A-2-4 based on the AASHTO classification
system. Testing of the Shelby tube samples encountering the top of the sand deposits
resulted in classifications of SW-SM based on the USCS and A-1-b based on the AASHTO
classification system. The Subsurface Data Sheets provided in Appendixes C and D depict
the results of the classification testing adjacent to the graphical logs.

5.2.2. Unconfined Compressive Strength Testing of Cohesive Samples

Unconfined compressive strength testing was performed to provide information from which
soil strength parameters could be estimated. The unconfined compressive strength values
range from 1,580 psf (0.79 tsf) to 2,180 psf (1.09 tsf). The results of the unconfined
compressive strength tests are presented next to the sample borings on the geotechnical
drawings in Appendixes C and D and are summarized in Table 2.

Table 2. Summary of Unconfined Compressive Strength Tests
Unconfined
Station Sample Moisture | Compressive |[Estimated
Hole and Interval Dry Wet Content Strength |Cohesion
No. Offset (ft) (pcf) (pcf) % (psf) (psf)
1W-78| 659+84, 182!'Rt. | 5.1 - 5.6 | 104.4 | 123.8 18.6 1,580 790
1W-78| 659+84, 182'Rt. |10.9 - 11.4| 103.9 | 126.1 21.4 2,180 1,090

The unconfined compressive strength can be used to estimate the bearing capacity and
cohesion of a soil material. The value of cohesion in an engineering analysis is generally
estimated to be one-half of the unconfined compressive strength for cohesive soils. Based
on the above test results, the cohesion values derived from unconfined compression strength
testing range from 790 psf (0.40 tsf) to 1,090 psf (0.55 tsf).

5.2.3.  One-Dimensional Consolidation Testing

FMSM?’s laboratory performed one-dimensional consolidation testing on a selected sample
extruded from the Shelby tubes to provide initial void ratio and consolidation parameters
utilized in settlement analyses. The results of the consolidation tests are summarized in
Table 3 and are presented in Appendix F.
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Table 3. Summary of One-Dimensional Consolidation Tests
Initial Pre-
Test Void |Compression |Recompression| Consolidation
Hole Station Interval | Ratio Index Index Pressure
No. and Offset (ft) (eo) (Co) (C) (P¢) (psf)
1W-78| 659+84, 182 Rt. | 5.0-7.0 | 0.765 0.198 0.033 1,000
5.3. Laboratory Testing of Non-Cohesive Soils/Standard Penetration Test Samples

In general, recovered soil specimens from SP testing were subjected to natural moisture
content and silt plus clay determinations. However, in lieu of silt plus clay determinations,
selected samples were combined for engineering classification testing. The SP samples
tested classify primarily as SM and CL with lesser occurrences of SP, SW, SW-SM, SP, SM,
GP-GM, GW-GM, SC and GC-GM according to USCS, and primarily as A-1-b with lesser
occurrences of A-1-a, A-4, A-6 and A-3 based on the AASHTO classification system. Refer
to Table 4 for a summary of the classification testing performed on soil samples recovered
from SP testing.

Table 4. Summary of Non-Cohesive Soil Classification Testing
USCS AASHTO
Soil Type Percentage Soil Type Percentage
SM 15 A-1-b 42
CL 15 A-l-a 26
SP 11 A-4 16
SW 11 A-6 11
SW-SM 11 A-3 5
SP-SM 11
GP-GM 11
GW-GM 5
SC 5
GC-GM 5

The results of the classification testing were used in conjunction with the N-values from SP
testing to estimate soil strength and settlement parameters based on published correlations
of such data.

6. Derivation of Soil Parameters

6.1. Correction of Standard Penetration Test Data

As discussed in Section 3 of this report, drilling and sampling operations utilized a drill rig
equipped with an automatic hammer to perform SP testing. Standard correlations for SP
testing consider blowcounts using a safety hammer/rope/cat-head system, generally
estimated to be 60 percent efficient. Thus, correlations are based upon what is currently
termed as Ngo data. The efficiency of the automatic hammer used for this exploration was
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estimated to be approximately 80 percent based on previous efficiency testing of FMSM drill
rigs equipped with such equipment. The correction for hammer efficiency is a direct ratio of
relative efficiencies as follows:

\ 60/ (6.1)

FMSM corrected standardized Ngo values for the effect of overburden pressure prior to using
the data in conjunction with correlations for non-cohesive soil parameters. Ngo values were
normalized to vertical effective overburden stresses of 2,000 pounds per-square foot. This
calculation requires an effective unit weight for each soil horizon multiplied by the depth of
the soil horizon. Liao and Whitman, as referenced in Seed and Harder [1990], proposed a
relationship between the correction factor, Cy, and the effective overburden stress, ¢":

1
C, =——
NT o (6.2)
where:
Cn = correction factor for overburden stress
o' = vertical effective overburden stress (tsf)

Consequently, the standardized corrected N-value, (N')g is equal to:

(N’)GOZCN Neo (6.3)
where:
Cn = correction factor for overburden stress
Neo = standardized N-value

Appendix G contains summaries of the SP data and corrections for the five borings
performed along the wall alignment. The spreadsheets also include correlations of corrected
SP data with published correlations for estimates of unit weight and shear strength
parameters. The values of (N')¢o were utilized to obtain relative densities, D;, based on
relationships developed by Tokimatsu and Seed [1988]. NAVFAC [1982] presents a
relationship using relative density of specific soil types to correlate angle of internal friction,
unit weight, and void ratio. Soil classifications for the correlations came from actual
laboratory test results and visual observations, and were used to estimate an in situ unit
weight of the material. Once the relationships for the angle of internal friction, unit weight
and void ratio were established, an in situ unit weight was calculated based upon the natural
moisture content.
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6.2. Development of Soil Profile

FMSM derived subsurface characterizations for the foundation soils along the wall alignment
based upon the results of the drilling and sampling program discussed in Sections 3 and 4 of
this report, and the laboratory testing addressed in Section 5. The division of soil horizons
was based on visual soil descriptions, laboratory classification data, and corrected SP data
associated with Boring Nos. 1W-27, 1W-77, 1W-78, 1W-368, and 1W-79. The Subsurface
Data Sheets in Appendixes C and D present the subsurface profile and summaries of
estimated soil parameters modeled in engineering analyses.

A geotechnical engineer derived estimated soil parameters for each soil horizon. Strength
and settlement parameters for the cohesive materials were estimated based on the results of
laboratory classification, unconfined compressive, and one-dimensional consolidation testing.
Laboratory test results were used from nearby borings from adjacent structures when
necessary. The parameters derived for the cohesive materials are representative of sandy
lean clay soils and are typical of clay soils found in this region of the state. Likewise, the
settlement and strength parameters for the non-cohesive materials (sand deposits) were
estimated based on corrected SP data, laboratory classification testing, and correlations of
such data. Values of internal angles of friction (¢?) for granular soils obtained from the
correlations vary from 30.0 to 41.0 degrees. A review of these parameters indicate in
general an increasing trend with depth which coincides with dense coarse grained deposits
typically found within the site's geological setting.

At the writing of this report, a borrow source for embankment material has not been
identified. Thus, it has been estimated that the new embankment material will exhibit
strength properties similar to the material comprising the clay portion of the existing roadway
embankment. Laboratory testing of the existing clay embankment materials and alluvial clay
foundation soils yielded effective internal friction angles varying from 20 to 41 degrees and
effective cohesion values ranging from 0 to 725 pounds per square foot. A few of the tests
resulted in values higher than are normally associated with sandy lean clay soils. The results
of this testing were tempered with experience and engineering judgment when selecting
representative values for evaluation of the wall options. The shear-strength parameters
modeled for retaining wall and slope stability analyses are more typical of clay soils in the
project area and are summarized in Table 5 below.

Table 5. Modeled Embankment Shear Strength Parameters
Embankment Material Retained Fill
Total Stress Effective Stress Total Stress Effective Stress
¢ = 1400 psf c = 200 psf ¢ = 1400 psf c = 170 psf
¢ = 0° R 23° ¢ = 0° . 27°
v = 120 pcf = 120 pcf v = 120 pcf v = 120 pcf

The lower shear strengths modeled for embankment materials are representative of relatively
weak clays that are known to exist in the project area. Non-durable shales in the Louisville
area are known to weather to clay soils exhibiting effective friction angles on the order of
23 degrees. The higher shear strength parameters modeled for the retained fill were derived
based on the results of laboratory testing conducted on existing clay embankment materials
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and alluvial foundation soils. It should be noted that confirmation testing of borrow source
materials will be required to verify that the materials exhibit minimum strengths equal to or
greater than those outlined above. Recommendations for confirmation testing of borrow
material are provided in Section 11 of this report.

7. LRFD Retaining Wall Load and Resistance Factors
7.1. Selection of LRFD Load and Resistance Factors

The KYTC has mandated that the Kentucky portion of the Ohio River Bridges project will use
Load and Resistance Factor Design (LRFD) Methodology for design of project structures.
LRFD is a design approach in which applicable failure and serviceability conditions can be
evaluated considering the uncertainties associated with loads and materials resistances. In
general, the engineering analyses performed for evaluation of the retaining wall options
followed the current AASHTO LRFD guidelines.

LRFD methodology incorporates the use of load factors and resistance factors to account for
uncertainty in applied loads and load resistance of structure elements separately in contrast
to the Factor of Safety traditionally applied only to the resistances in Allowable Stress Design
(ASD) methodology. The AASHTO LRFD Bridge Design Specifications outline load factors
and combinations for various strength, extreme event, service, and fatigue limit states.
Section 11 of the AASHTO Specifications, the section of the code governing retaining walls,
mandates the evaluation of bearing resistance failure, lateral sliding, and excessive loss of
base contact (overturning) at the strength limit state and excessive vertical displacement,
excessive lateral displacement, and overall stability at the service limit state. Table 6
outlines the load factors used in evaluation of the retaining wall options.

Table 6. LRFD Load Factors for Retaining Wall Analyses

Load Factors (y)*
For Bearing | For Sliding and
Resistance Eccentricity |For Settlement
Load Strength IA Strength IB Service |
Dead Load of Structural Components DC 1.25 0.90 1.00
Vertical Earth Pressure Load** EV 1.35 1.00 1.00
Horizontal Earth Pressure Load EH 1.50 1.50 1.00
Live Load Surcharge LS 1.75 1.75 1.00

* From AASHTO LRFD Bridge Design Specifications, Fourth Edition, Tables 3.4.1-1 and
3.4.1-2
** From Dead Load of Earth Fill

Selection of LRFD resistance factors account for the type of loading (sliding versus bearing)
and the variability and reliability of models or methodologies used to determine nominal
resistance (R,) capacities. The AASHTO LRFD Bridge Design Specifications outline
recommended resistance factors for standard static analysis methodologies, industry
accepted methodologies for field verification, and levels of construction quality control. The
selection of resistance factors used in evaluation of the retaining wall options is further
discussed in the following sections of the report, as applicable.
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7.2. LRFD Evaluation Criteria

The AASHTO LRFD Bridge Design Specifications outline in Section 11 geotechnical criteria
to analyze the external stability of a retaining wall. As with the traditional ASD method of
designing retaining walls LRFD also considers the bearing capacity, overturning, sliding, and
global stability in the design process. The bearing capacity is evaluated by checking to see
that the calculated bearing capacity of the local soils is greater than the induced load of the
wall from the Meyerhof Uniform Bearing Pressure. The overturning is checked by evaluating
the eccentricity by checking to see that the resultant of the reaction forces shall be within the
middle one half of the base width, which corresponds to an eccentricity of 25 percent of the
base width (0.25B). Sliding is evaluated by Capacity-Demand Ratio for Sliding (CDRsiiding)
which is equal to the factored capacity divided by the factored load. The CDRsjging Should be
greater than or equal to 1.0. Presently LRFD methodology does not translate well to
traditional slope stability analyses. This in conjunction with the KYTC typically
recommending more stringent minimum requirements for slope stability. Therefore, FMSM
evaluated global stability in terms of traditional ASD methodology using factors of safety.
The KYTC Geotechnical Manual recommends minimum target factors of safety of 1.2 and
1.6 for short- and long-term global slope stability analyses, respectively, performed at
structure locations.

8. Evaluation of Mechanically Stabilized Earth Wall Option
8.1. General

The MSE wall configuration evaluated for the subject retaining structure was developed
based on plan view and profile drawings downloaded from the KTA ProjectWise website on
March 1, 2007. Based on discussions with the Design Team, FMSM revised the bearing
elevation of the wall to provide a minimum embedment of two feet and to incorporate steps,
as practical for construction, to reduce the wall area. Appendix C presents a plan view and
Subsurface Data Sheets for the MSE option. Table 7 summarizes the station limits and wall
configurations evaluated for the MSE wall. The wall heights outlined below are as measured
from the planned bearing elevation up to the top of the retained fill. The backfill slope behind
the wall will be level.

Table 7. Summary of Wall Configuration Evaluated for MSE Option

Maximum Base of Wall
Alignment Station Limits Wall Height Elevation
Ramp 2 39+00 to 40+00 36.0 ft 460.0 ft
Ramp 2 40+00 to 40+50 24.0 ft 470.5 ft
Ramp 2 40+50 to 41+00 17.5 ft 476.5 ft
Ramp 2 41+00 to 41+50 12.0 ft 481.5 ft
Ramp 2 41+50 to 42+08 26.5 ft 467.5 ft

FMSM performed engineering analyses to estimate bearing capacity and potential
settlements along the wall profile, and evaluate retaining wall and slope stability. The
analyses are based on wall geometries, heights and bearing elevations discussed herein. If
roadway design modifications result in retaining wall geometries different than those
discussed and evaluated herein, the Design Team should notify FMSM and provide the
design changes for re-evaluation of the retaining wall, as applicable. The analyses
performed to evaluate the MSE option are discussed further in the following sections.
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8.2. External Stability

FMSM evaluated the external stability of the MSE wall option based on the wall heights and
planned bearing elevations outlined in Table 7. The MSEW computer program (Version 3.0)
was used to evaluate sliding stability and eccentricity of the planned MSE configuration as
well as determine the Meyerhof uniform bearing pressure applied to the foundation materials.
The MSEW computer program, developed by ADAMA Engineering, Inc., uses AASHTO
LRFD design methodology in conjunction with the AASHTO 2002 and NHI-043 design
guidelines for MSE wall design.

As discussed in Section 7 of this report, the selection of resistance factors accounts for the
type of loading (sliding versus bearing capacity) and the variability and reliability of models or
methodologies used to determine nominal resistance (R,) capacities. Table 8 summarizes
the resistance factors for sliding stability outlined in the AASHTO LRFD Bridge Design
Specifications based on the wall materials and bearing medium.

Table 8. LRFD Resistance Factors for Sliding Stability

Resistance Factor*
Bearing Condition ()
Precast Concrete placed on Sand 0.90
Cast-In-Place Concrete on Sand 0.80
Cast-In-Place or Precast Concrete on Clay 0.85
Soil on Soil 0.90

* From AASHTO LRFD Bridge Design Specifications, Fourth Edition,
portion of Table 10.5.5.2.2-1

Because the MSE option consists of a reinforced soil volume bearing on clay foundation soils
or granular replacement material, the resistance factor modeled in sliding stability analyses is
0.90, corresponding to a soil on soil bearing condition.

The soil parameters and subsurface profile modeled in the wall analyses were derived based
on the drilling, sampling, and lab testing programs discussed in previous sections of this
report. Refer to Section 6 for a discussion of the derivation of soil parameters and
development of the subsurface profile. Table 9 summarizes the soil parameters modeled in
the wall analyses.

Table 9. Soil Parameters Modeled in MSE Wall Analyses

Material Parameter

Retained Fill ®=27°

Unit Weight = 120 pcf
Reinforced Fill ® =34°
(Reinforced Soil Volume) Unit Weight = 115 pcf
Clay Foundation Soils ® =32°
(Material Beneath the Wall Footprint) Unit Weight = 128 pcf
Granular Embankment — Crushed Stone ® =38°
(Material used for Replacement of Over Unit Weight = 120 pcf
Excavated Foundation Soils)

@ = internal friction angle
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FMSM performed external stability analyses at select locations along the wall alignment
incorporating the load factors outlined in Table 6, as applicable. Analysis of the walls
included the application of a live load surcharge in accordance with KYTC and AASHTO
recommendations for walls subjected to traffic loading. The magnitude of the surcharge
varies from two to five feet, based on the wall height and distance between the back of the
wall and lanes of travel (Table 3.11.6.4-2 of the AASHTO LRFD Bridge Design
Specifications). For wall heights equal to or greater than 20 feet, the applicable surcharge
load is 2 feet of soil. Likewise, the applicable surcharge load for a wall ten feet in height is
3.5 feet of soil. Thus, interpolating between the recommended surcharge load values (based
on wall height) and using a unit weight of soil equal to 120 pcf, the surcharge loads modeled
in the analyses performed for the subject retaining structure are 240 psf for wall heights of
24.0 feet, 26.5 feet and 36.0 feet. The surcharge load was modeled at 285 psf and 384 psf
for wall heights of 17.5 feet and 12.0 feet, respectively. Table 10 summarizes the results of
the MSE wall analyses performed for the subject retaining structure.

Table 10. Summary of MSE Wall Analyses

Max Meyerhof
Wall Strap Uniform
Station Interval* Height Length CDRsiiging Eccentricity Pressure

39+00to 40+00 36.0ft |25.2ft=0.7H 1.28 6.021t=0.24B 6,130psf

40+00 to 40+50 24.0ft [19.2ft=0.8H 1.38 3.80ft = 0.20B 5,630 psf

40+50 to 41+00 17.5ft |14.0ft=0.8H 1.31 3.16 ft = 0.23B 4,480 psf

41+00 to 41+50 12.0ft |10.8ft=0.9H 1.34 2.53 1t =0.23B 3,400 psf

41+50t0 42+08 26.5ft [21.2ft=0.8H 1.41 4.111t=0.19B 8,955psf

*  Ramp 2 Stationing

FMSM initially estimated the reinforcement strap length modeled in the MSE wall analyses to
be 70 percent of the wall height (0.7H), with a minimum strap length of eight feet. However,
the strap lengths were increased to 80 percent of the wall height (0.8H) for walls less than 29
feet in height and to 0.9H for walls less than 15.0 feet in height because the strap lengths did
not meet the LRFD eccentricity requirements.

8.3. Bearing Capacity Analyses of the Existing Soils

Based upon the information derived from drilling, sampling, and laboratory testing operations
conducted along the planned wall alignment, nominal bearing capacity estimates were
performed for comparison with the induced wall loadings. The methodology used to
calculate the nominal bearing capacity (q,) is presented in the AASHTO LRFD Bridge Design
Specifications, Fourth Edition, Section 10.6.3 and the US Army Corps of Engineers “Bearing
Capacity of Soils”, EM 1110-1-1905.

Review of the soil profile developed along the wall alignment in conjunction with the planned
bearing elevations indicate the wall will be founded on fine-grained (clayey) alluvial soils
between Stations 39+00 and 40+00 and shale (shot rock) embankment materials between
Stations 40+00 and 42+08. Thus, the bearing capacity will be controlled by the short-term
strength of the clayey materials from Stations 39+00 to 40+00. Cohesion values of 790 psf
and 1,090 psf derived from unconfined compression test results and correlations of corrected
SP N-values yields a nominal bearing capacity on the order of 4,225 psf for the clay alluvium.
Since the remainder of the wall will be founded on the existing shale (shot rock) embankment
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the bearing capacity will be controlled by the friction angle of the shale embankment. A
friction angle of 35 degrees was derived from correlations of the corrected SP N-values and
yields nominal bearing capacities from 27,050 psf to 44,310 psf.

When applicable, the nominal bearing capacity was adjusted to incorporate an increase (or
decrease, as applicable) in bearing capacity for over excavation and replacement and for
two-layered soil systems. The nominal bearing capacity of the foundation soils was
increased for punching resistance through the granular replacement material based on
methods outlined in the US Army Corps of Engineers reference. FMSM only included the
contribution of punching resistance to the bearing capacity when requiring the use of biaxial
geogrid as part of the granular replacement material. The calculation of bearing capacity for
a two-layer soil system is based on the methodology outlined in the AASHTO LRFD Bridge
Design Specifications and U.S. Army Corps of Engineers reference.

It is FMSM?s understanding that the resistance factors outlined for bearing capacity in the
AASHTO LRFD Bridge Design Specifications were calibrated for rigid footings and do not
necessarily apply for MSE walls. AASHTO’s 17" Edition and “Mechanically Stabilized Earth
Walls and Reinforced Soil Slopes”, FHWA publication number NHI-00-043, provide guidance
on using a factor of safety of 2.0 for bearing capacity of MSE walls. Based on discussions
with the FHWA and KYTC, a resistance factor for the bearing capacity of MSE walls was
determined by using the predominant load factor divided by the factor of safety (1.35/2.0 =
+ 0.67). Using a resistance factor of 0.67, the factored bearing capacity for the clay alluvium
is on the order of 2,830 psf.

Review of the planned bearing elevation and subsurface profile developed based on the
drilling program indicate the wall will bear on existing shale (shot rock) embankment
materials between Stations 40+00 and 42+08. However, the bearing elevation for the base
of the wall is positioned near the weaker clay foundation soils so a reduction in the bearing
capacity of the embankment materials will be necessary. Using the method for a two-layer
soil system outlined in Section 10.6.3.1.2d of the AASHTO Specifications and a resistance
factor (¢p) of 0.67, FMSM developed Table 11 which outlines the factored bearing capacity
applicable for various steps in retaining wall.

Table 11. Factored Bearing Capacity for MSE Wall Option

Factored
Bearing
Capacity (dr)*
Station Interval** (psf)

40+00 to 40+50 5,730
40+50 to 41+00 8,870
41+00 to 41+50 16,220
41+50 to 42+08 4,180

* Using a Resistance Factor (¢p) of 0.67.
**  Ramp 2 Stationing

A review of the Meyerhof uniform pressure/required bearing capacity values determined for
the MSE wall option as presented in Table 10 indicates the applied bearing pressures are
greater than the factored bearing capacity for the clay alluvium between Stations 39+00 and
40+00 and for the shale (shot rock) embankment between Stations 41+50 and 42+08. As
such, construction of the MSE wall option bearing directly on the in situ soils within the
intervals mentioned above without some type of foundation soil modification will likely
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experience bearing capacity failure. FMSM recommends excavation of the foundation
materials and replacement with Granular Embankment (crushed stone) as a means of
spreading out the load exerted by the wall over a larger area, and thereby reducing the soil
contact pressures to acceptable values. The estimated excavated area requiring granular
embankment will vary as shown in Table 12 below. In addition, the interval between Stations
41+50 and 42+08 will also require additional horizontal over excavation of five feet beyond
the wall perimeter and the use of geogrid reinforcement to assist in transferring wall loads to
the foundation soil. Table 12 provides a summary of the over excavation and replacement
requirements based on the anticipated wall loading and factored bearing capacity of the clay
foundation soils.

Table 12. Summary of Over Excavation and Replacement for MSE Wall Option

Maximum Approximate
Wall Bearing Over Excavation

Station Interval* Height Elevation Vertical Horizontal
39+00 to 40+00 36.0 ft 460.0 ft 8 ft (452.0 ft) 8 ft**
40+00 to 40+50 24.0 ft 470.5 ft NA NA
40+50 to 41+00 1751t 476.5 ft NA NA
41+00 to 41+50 12.0 ft 481.5 ft NA NA
41+50 to 42+08 26.5 ft 467.5 ft 5 ft (462.5 ft) 5 ft**

* Ramp 2 Stationing
** Requires the use of geogrid reinforced Granular Embankment

Section 11 of this report provides recommendations further outlining specific details and
locations of foundation soil modifications.

8.4. Settlement Analyses

FMSM performed settlement analyses at select locations in order to develop an estimated
settlement profile along the wall alignment. Based on the planned bearing elevations and
over excavation depths previously discussed, it appears that the wall will bear on both
gravelly embankment materials and alluvial clay foundation soils. Settlement parameters for
the embankment materials and foundations soils were estimated based on the results of the
previously discussed drilling, sampling, and laboratory testing programs. Consolidation
parameters for the clay type soils were derived from the results of one-dimensional
consolidation testing. Settlement parameters for the granular (non-cohesive) materials were
estimated based on corrected N-values correlated with laboratory classification testing as
outlined in the guidelines presented in the FHWA Soil and Foundations Workshop Manual —
Second Edition, pages 168 through 170. The estimated settlement parameters derived for
each soil horizon are shown on the Subsurface Data Sheets presented in Appendix C.

The applied pressures used in the analyses were based on the LRFD Service | load
combinations and the resulting Meyerhof uniform pressure distribution beneath the wall using
previously discussed traffic surcharge load. The results of the analyses indicate the potential
for up to approximately 8.7 inches of settlement of the soils beneath the MSE wall. Table 13
presents a summary of the settlement analyses performed for the subject MSE option. The
settlement profile for the MSE wall is presented in Appendix C.
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Table 13.  Summary of Settlement Calculations for the MSE Option

Estimated Distance
Settlement Total Differential Over Which Ratio of
Point Settlement Settlement Settlement Occurs Differential
Location* (in.) (ft) (ft) (ft) Settlement

39+00 5.0 0.415

0.153 100 1/653
40+00 6.8 0.568

0.103 5 1/49
40+00 8.1 0.671

0.056 50 1/893
40+50 8.7 0.727

0.349 5 1/14
40+50 4.5 0.378

0.015 50 1/3,333
41+00 4.7 0.393

0.128 5 1/39
41+00 3.2 0.265

0.031 50 1/1,613
41+50 2.8 0.234

0.395 5 1/13
41+50 7.5 0.629

0.108 58 1/537
42+08 6.2 0.521

*  Ramp 2 Stationing

Settlement was generally estimated at “step” locations/changes in excavation depths. For
the purpose of calculating a ratio of differential settlement, it was estimated that the
differential settlement would occur over a distance of five feet at the step locations, otherwise
the distance between settlement points was used.

At the time of this writing, it is FMSM’s understanding that the MSE walls will be constructed,
allowed to settle, and then the permanent wall fascia will be attached. If the construction
schedule does not allow this to occur, the wall Designer should consider the affects of
differential settlement on the fascia. AASHTO LRFD Bridge Design Specifications and
FHWA literature "Mechanically Stabilized Earth Walls and Reinforced Soil Slopes, Design
and Construction Guidelines" suggests that where significant differential settlements are
anticipated (ratio of differential settlements greater than 1/100), sufficient joint width and/or
slip joints must be provided to reduce the potential of panel cracking. Based on the
settlement calculations presented in Table 13, all the step locations exhibit differential
settlements greater than 1/100. The wall Designer should select the panels and size the joint
widths and/or place slip joints between wall panels to accommodate the anticipated
settlements. If this cannot be done, ground improvement techniques such as additional
excavation of soil and replacement with select embankment, or the use of stone columns,
geopiers, or other ground improvements techniques may be warranted to reduce the
anticipated settlement.
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FMSM performed time rate of settlement calculations for the planned wall configuration.
Based on these calculations, it is estimated that 90 percent of the primary consolidation of
the clay foundation soils will occur in about 189 days (27 weeks). Section 11 of this report
includes recommendations for the installation and monitoring of settlement platforms.

8.5. Lateral Squeeze

Studies conducted by the FHWA have shown that walls bearing on deposits of compressible
soils may experience horizontal deformations and/or movement. The condition causing the
structural deformation is the unbalanced fill loading on each side of the wall, which causes
the compressible foundation soils to move (squeeze) laterally.

FHWA publication NHI-00-43, “Mechanically Stabilized Earth Walls and Reinforced Soil
Slopes”, suggests the potential for lateral squeeze, or horizontal deformation, exists if the
pressure applied by a wall is greater than three times the undrained shear strength of the
foundation soils. Based on the subsurface exploration program, the cohesive soil horizons
extend along the entire length of the retaining wall. A design value of 790 psf was derived for
this alluvial clay layer, from the test data obtained for this wall. The pressure increase at the
middle of the alluvial clay layer resulting from wall loading is approximately 4,500 psf
between Stations 39+00 and 40+00 using the Service | load combination. Based on the
noted criteria, the pressure applied by the wall does exceed three times the undrained shear
strength of the clay foundation soils (3C = 3 x 790 = 2,370 psf) indicating that the potential
potential for lateral squeeze exists for the MSE wall option and should be considered in the
design of the wall foundation system. The FHWA “Soils and Foundation Workshop Manual”
suggests that the anticipated lateral movement may be estimated as 25 percent of the fill
settlement. A settlement analysis was conducted at Station 39+00 and yielded an estimated
settlement of 3.9 inches. Thus, the lateral deformation of the wall is estimated to be on the
order of 1.0 inch. For the remainder of the retaining wall between Station 40+00 and 42+08
the bearing pressure increase based on the Service | load combination at the middle of the
clay layer is less than three times the undrained strength of the clay foundation soils so the
potential for lateral squeeze is low.

8.6. Global Slope Stability

FMSM evaluated the global stability of the anticipated roadway embankment/MSE wall
configuration utilizing the REAME (Rotational Equilibrium Analysis of Multi-Layered
Embankments) 2004 slope stability program, developed by Dr. Y.H. Huang at the University
of Kentucky. The program estimates a circular (rotational) failure surface and calculates the
factor of safety based on the Simplified Bishop method of slices. Short-term analyses using
total-stress shear-strength parameters for the foundation and embankment materials
simulate conditions that will exist immediately following the construction of the embankment.
Long-term analyses, using effective-stress shear-strength parameters, simulate conditions
that will exist long after the embankment is constructed and excess pore pressures within the
materials have dissipated. Table 14 presents a summary of the slope stability analyses
performed for the MSE wall option.
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Table 14. Summary of Global Slope Stability Analyses for MSE Option

Global Slope Stability
Location Short Term Long Term

Ramp 2 Station 39+00, 2.0 2.4
right of centerline

FMSM evaluated global stability in terms of traditional ASD methodology using factors of
safety. The KYTC Geotechnical Manual recommends minimum target factors of safety of 1.2
and 1.6 for short- and long-term global slope stability analyses, respectively, performed at
structure locations. Based on a comparison of the KYTC minimum target factors of safety
and the results of the global stability analyses summarized in Table 14, the calculated factors
of safety exceed the recommended minimums. Subsurface Data Sheet 6 of 6 in Appendix C
presents results of the slope stability analyses, including predicted minimum factors of safety,
predicted failure surfaces, and modeled groundwater table positions.

9. Evaluation of Cast-in-Place Retaining Wall Option
9.1. General

The CIP wall configuration evaluated for the subject retaining structure was also developed
based on plan view and profile drawings downloaded from the KTA ProjectWise website on
March 1, 2007. The plans indicate the CIP option exhibits a cantilever type configuration. As
with the MSE option, FMSM revised the bearing elevation of the wall to provide a minimum of
one foot of soil cover over the top of the wall footing and to incorporate steps, as practical for
construction, to reduce the wall area. Appendix D presents a plan view and Subsurface Data
Sheets for the CIP option. Table 15 summarizes the station limits and wall configurations
evaluated for the CIP wall. The wall heights outlined below are as measured from the base
of the wall footing up to the top of the retained fill. The backfill slope behind the wall will be
level.

Table 15. Summary of Wall Configuration Evaluated for CIP Option

Maximum Base of Wall
Alignment Station Limits Wall Height Elevation
Ramp 2 39+00 to 40+00 37.0 ft 459.0 ft
Ramp 2 40+00 to 40+50 25.0 ft 469.5 ft
Ramp 2 40+50 to 41+00 18.5 ft 475.5 ft
Ramp 2 41+00 to 41+50 13.0 ft 480.5 ft
Ramp 2 41+50 to 42+08 26.5 ft 467.5 ft

FMSM performed engineering analyses to estimate bearing capacity and potential
settlements along the wall profile, and evaluate retaining wall and slope stability. The
analyses are based on wall geometries, heights and bearing elevations discussed herein. If
roadway design modifications result in retaining wall geometries different than those
discussed and evaluated herein, the Design Team should notify FMSM and provide the
design changes for re-evaluation of the retaining wall, as applicable. The analyses
performed to evaluate the CIP option are discussed further in the following sections.
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9.2. External Stability

FMSM evaluated the external stability of the CIP wall option based on the wall heights and
planned bearing elevations outlined in Table 15. The Florida Wall computer program
(Version 2.05) was used to evaluate sliding stability and eccentricity of the planned CIP
configuration as well as determine the pressures applied to the foundation materials. The
Florida Wall program was developed by the Florida Department of Transportation and is
based on a MathCADg worksheet. FMSM modified the worksheet to use Coulomb earth
pressure theory instead of Rankine, calculate sliding resistance based on the sliding friction
angle between the base of the wall and the foundation materials, and to calculate eccentricity
directly in addition to calculating the location of the resultant force. The worksheet was also
modified to calculate maximum toe and minimum heel pressures based on current LRFD
guidelines.

As discussed in Section 7 of this report, the selection of resistance factors accounts for the
type of loading (sliding versus bearing capacity) and the variability and reliability of models or
methodologies used to determine nominal resistance (R,) capacities. Refer to Table 8 for a
summary of the resistance factors for sliding stability outlined in the AASHTO LRFD Bridge
Design Specifications based on the wall materials and bearing medium. Because the CIP
option involves cast-in-place concrete bearing on the foundation materials, a resistance
factor of 0.85 applies for evaluation of a wall bearing on the alluvial clay foundation soils and
0.80 applies for bearing on granular replacement material.

The soil parameters and subsurface profile modeled in the wall analyses were derived based
on the drilling, sampling, and lab testing programs discussed in previous sections of this
report. Refer to Section 6 for a discussion of the derivation of soil parameters and
development of the subsurface profile. Table 16 summarizes the soil parameters modeled in
the CIP wall analyses.

Table 16. Soil Parameters Modeled in CIP Wall Analyses

Material Parameter
Retained Fill o =27°
Unit Weight = 120 pcf
b=17°
Clay Foundation Soils ® =32°
(Material Beneath the Wall Footprint) Uf16it V\ie7i9ht =128 pcf
Granular Embankment — Crushed Stone @ =38°
(Material used for Replacement of Over Unit Weight = 120 pcf
Excavated Foundation Soils) 0=29°

@ = internal friction angle
0 = interface friction angle between dissimilar materials (sliding friction angle)

FMSM performed external stability analyses at select locations along the wall alignment
incorporating the load factors outlined in Table 6, as applicable. As with the evaluation of the
MSE walls, analysis of the CIP option included the application of a live load surcharge in
accordance with KYTC and AASHTO recommendations for walls subjected to traffic loading.
For wall heights equal to or greater than 20 feet, the applicable surcharge load is 2 feet of
soil. Likewise, the applicable surcharge load for a wall ten feet in height is 3.5 feet of soil.
Thus, interpolating between the recommended surcharge load values (based on wall height)
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and using a unit weight of soil equal to 120 pcf, the surcharge loads modeled in the analyses
performed for the subject retaining structure are 240 psf for wall heights of 25.0 feet, 26.5
feet and 37.0 feet. The surcharge load was modeled at 267 psf and 348 psf for wall heights
of 18.5 feet and 13.0 feet, respectively. For the purposes of modeling the cantilever wall, the
stem and footing thickness were estimated to be two feet and the length of the toe was
estimated to be 10 percent of the wall height (0.1H). Table 17 summarizes the results of the
CIP wall analyses performed for the subject retaining structure.

Table 17. Summary of CIP Wall Analyses

Max Meyerhof
Wall Base Uniform
Station Interval* Height Width CDRsiiging | Eccentricity Pressure

39+001to 40+00 37.0ft |29.6ft=0.8H 1.12 3.131t=0.12B 6,580psf

40+00to0 40+50 25.0ft |20.0ft=0.8H 1.08 2.671t=0.13B 4,670psf

40+50t041+00 18.5ft |14.81t=0.8H 1.01 1.92ft=0.16B 3,680psf

41+00t041+50 13.0ft |13.0ft=1.0H 1.08 1.64ft=0.13B 2,740psf

41+50t042+08 26.5ft [21.2ft=0.8H 1.09 2.741t=0.13B 4,910psf

*  Ramp 2 Stationing

FMSM initially estimated the base width modeled in the CIP wall analyses to be two-thirds of
the wall height (2/3H). However, the base width was increased to 80 percent of the wall
height (0.8H) to provide adequate resistance for sliding for walls greater than 19.0 feet in
height. Walls less than 18.5 feet in height required the base width to be 90 percent of the
wall height (0.9H), with walls less than 14.0 feet requiring the base width to be 100 percent of
the wall height (1.0H).

9.3. Bearing Capacity Analyses of the Existing Soils

FMSM estimated the bearing capacity of the existing soils based on the same methods used
for the MSE wall. A review of the soil profile developed along the wall alignment in
conjunction with the planned bearing elevations indicate the wall will be founded on fine-
grained (clayey) alluvial soils between Stations 39+00 and 40+00 and shale (shot rock)
embankment materials between Stations 40+00 and 42+08. Thus, the bearing capacity will
be controlled by the short-term strength of the clayey materials from Stations 39+00 to
40+00. Cohesion values of 790 psf and 1,090 psf derived from unconfined compression test
results and correlations of corrected SP N-values yields a nominal bearing capacity on the
order of 4,265 psf for the clay alluvium. Since the remainder of the wall will be founded on
the existing shale (shot rock) embankment the bearing capacity will be controlled by the
friction angle of the shale embankment. A friction angle of 35 degrees was derived from
correlations of the corrected SP N-values and yields nominal bearing capacities from 28,990
psf to 47,380 psf.

The resistance factors for bearing capacity outlined in Table 10.5.5.2.2-1 of the AASHTO
LRFD Bridge Design Specifications were calibrated for rigid footings and range from 0.45 to
0.55. The KYTC Geotechnical Manual recommends a Factor of Safety (ASD methodology)
of 2.0 to 3.0 for determination of allowable bearing capacity based on the amount and quality
of strength data available. The KYTC typically recommends a factor of safety of 2.5, which
Section C10.5.5.2.2 of the AASHTO LRFD Bridge Design Specifications indicates
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corresponds to a resistance factor of 0.55. Using a resistance factor of 0.55, the factored
bearing capacity for the clay alluvium is on the order of 2,345 psf.

As with the MSE wall, the nominal bearing capacity was adjusted to incorporate an increase
(or decrease) as applicable in bearing capacity for over excavation and replacement and for
two-layered soil systems. Review of the planned bearing elevation and subsurface profile
developed based on the drilling program indicate the wall will bear on existing shale (shot
rock) embankment materials between Stations 40+00 and 42+08. However, the bearing
elevation for the base of the wall is positioned near the weaker clay foundation soils so a
reduction in the bearing capacity of the embankment materials will be necessary. Using the
method for a two-layer soil system outlined in Section 10.6.3.1.2d of the AASHTO
Specifications and a resistance factor (¢p) of 0.55, FMSM developed Table 18 which outlines
the factored bearing capacity applicable for various steps in retaining wall.

Table 18. Factored Bearing Capacity for CIP Wall Option

Factored
Bearing
Capacity (dr)*
Station Interval** (psf)

40+00 to 40+50 4,330
40+50 to 41+00 6,150
41+00 to 41+50 11,260
41+50 to 42+08 3,400

* Using a Resistance Factor (¢p) of 0.55.
**  Ramp 2 Stationing

A review of the Meyerhof uniform pressure/required bearing capacity values determined for
the CIP wall option as presented in Table 17 indicates the applied bearing pressures are
greater than the factored bearing capacity for the clay alluvium between Stations 39+00 and
40+00 and for the shale (shot rock) embankment between Station 40+00 to 40+50 and
Stations 41+50 and 42+08. As such, construction of the CIP wall option bearing directly on
the in situ soils within the intervals mentioned above without some type of foundation soil
modification will likely experience bearing capacity failure. FMSM recommends excavation
of the foundation materials and replacement with Granular Embankment (crushed stone) as
a means of spreading out the load exerted by the wall over a larger area, and thereby
reducing the soil contact pressures to acceptable values. The estimated excavated area
requiring granular embankment will vary as shown in Table 19 below. In addition, the
interval between Stations 39+00 and 40+00 and Stations 41+50 and 42+08 will also require
additional horizontal over excavation five feet beyond the wall perimeter and the use of
geogrid reinforcement to assist in transferring wall loads to the foundation soil. Table 19
provides a summary of the over excavation and replacement requirements based on the
anticipated wall loading and factored bearing capacity of the clay foundation soils.
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Table 19.

Summary of Over Excavation and Replacement for CIP Wall Option

Maximum Approximate
Wall Bearing Over Excavation

Station Interval* Height Elevation Vertical Horizontal
39+00 to 40+00 37.0 ft 459.0 ft 8 ft (451.0 ft) 8 ft**
40+00 to 40+50 25.0 ft 469.5 ft 2 ft (467.5 ft) N/A
40+50 to 41+00 18.5 ft 475.5 ft NA NA
41+00 to 41+50 13.0 ft 480.5 ft NA NA
41+50 to 42+08 26.5 ft 467.5 ft 3 ft (464.5 ft) 5 ft**

*  Ramp 2 Stationing
**  Requires the use of geogrid

Section 11 of this report provides recommendations further outlining specific details and
locations of foundation soil modifications.

9.4. Settlement Analyses

FMSM performed settlement analyses at select locations in order to develop an estimated
settlement profile along the wall alignment similar to the methods used for the MSE walls.
Based on the planned bearing elevations and over excavation depths previously discussed, it
appears that the wall will bear on both shale (shot rock) embankment materials and alluvial
clay foundation soils. The estimated settlement parameters derived for each soil horizon are
presented on the Subsurface Data Sheets presented in Appendix D.

The applied pressures used in the analyses were based on the LRFD Service | load
combinations and the resulting Meyerhof uniform pressure distribution beneath the wall using
previously discussed traffic surcharge load. The results of the analyses indicate the potential
for up to approximately 7.3 inches of settlement of the soils beneath the CIP wall. Table 20
presents a summary of the settlement analyses performed for the subject CIP option.

Table 20. Summary of Settlement Calculations for the CIP Option
Estimated Distance
Settlement Total Differential Over Which Ratio of
Point Settlement Settlement Settlement Occurs Differential
Location* (in.) (ft) (ft) (ft) Settlement
39+00 3.0 0.252
0.129 100 1/775
40+00 4.6 0.381
0.213 5 1/23
40+00 7.1 0.594
0.012 50 1/4,167
40+50 7.3 0.606
0.261 5 1/19
40+50 4.1 0.345
0.002 50 1/ 25,000
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Table 20. Summary of Settlement Calculations for the CIP Option

Estimated Distance
Settlement Total Differential Over Which Ratio of
Point Settlement Settlement Settlement Occurs Differential
Location* (in.) (ft) (ft) (ft) Settlement
41+00 4.1 0.343
0.114 5 1/44
41+00 2.7 0.229
0.037 50 1/1,351
41+50 2.4 0.198
0.352 5 1/14
41+50 6.6 0.550
0.131 58 1/442
42+08 5.0 0.419

*  Ramp 2 Stationing

Settlement was generally estimated at “step” locations/changes in excavation depths. For
the purpose of calculating a ratio of differential settlement, it was estimated that the
differential settlement would occur over a distance of five feet at the step locations, otherwise
the distance between settlement points was used.

Section C.11.6.2.2 of the AASHTO LRFD Bridge Design Specifications indicates that
differential settlements on the order of 1 in 500 to 1 in 1,000 may overstress a reinforced
concrete retaining wall. The differential settlements calculated for the CIP option vary from
1lin 442 to 1 in 25,000 between steps in the footing, with two of the five steps exhibiting
differential settlements greater than 1 in 1,000. Section 11.6.1.1 of the AASHTO
Specifications further indicates that rigid gravity walls should be supported by deep
foundation elements when the foundation materials are prone to excessive total or differential
settlement. The settlements calculated for the CIP option vary from a low of 2.4 inches to a
high of 7.3 inches. Based on AASHTO LRFD specifications limiting total settlement of a full
height MSE panel to two inches in magnitude, it is reasonable to estimate that two inches of
total settlement for a CIP wall is also considered excessive. Therefore, based on total and
differential settlement concerns, FMSM recommends that the CIP wall option be supported
by deep foundation elements.

9.5. Deep Foundation Analyses
9.5.1. General

The subject retaining wall is adjacent to a bridge structure that will be widened and
reconstructed as part of the Kennedy Interchange Project. The geotechnical consultants for
the project are providing driven steel H-pile and concrete drilled shaft deep foundation
options for the new substructure elements associated with this bridge. It is estimated that the
driven H-pile options will be chosen for the final design. Therefore, only recommendations
for driven piles are being provided for support of the CIP wall. If drilled shafts are chosen for
final design, the Design Team should notify FMSM so that recommendations for drilled shafts
may be provided.
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9.5.2. Pile Capacity

Based on the results of the CIP settlement analyses, deep foundation elements bearing in
the sand horizons overlying bedrock will be required and will rely primarily on friction
resistance for axial capacity. A geotechnical engineer performed axial capacity estimates for
three different H-pile sizes (12x53, 14x73 and 14x89). FMSM utilized the procedures
outlined in the Federal Highway Administration Publication No. FHWA-HI-97-013, "Design
and Construction of Driven Pile Foundations”, and the computer program DRIVEN version
1.2, developed by Blue-Six Software, Inc. in conjunction with the FHWA, to estimate axial
capacities of driven piles. The axial capacity calculations utilize soil parameters derived from
the results of the field explorations and published correlations relating SP N-values to shear
strengths. Appendix H provides Idealized Soil Profiles that outline the recommended soil
parameters for use in lateral load analyses. Refer to Appendix | for single pile/shaft nominal
axial capacity estimates for the S9280 (W65-10) retaining wall.

Selection of the resistance factors account for the type of loading (axial compression versus
uplift)y and the variability and reliability of models or methodologies used to determine
nominal resistance (R,) capacities. As mentioned previously, FMSM used the DRIVEN 1.2
computer program to perform the load capacity calculations for the subject bridge widening.
Table 21 summarizes the applicable analysis methodologies utilized in the DRIVEN software
as well as the resistance factors recommended by the AASHTO LRFD Bridge Design
Specifications, Fourth Edition.

Table 21. LRFD Resistance Factors for Driven Pile Capacity

Resistance
Loading Resistance Analysis Factor*
Condition Mechanism Methodology ()

Nominal Resistance of | Skin Friction and a-Method 0.35
Single Pile in Axial End Bearing —
Compression — Clay and Mixed Soils
Static Analysis Skin Friction and Nordlund/Thurman 0.45

End Bearing — Method

Sand
Uplift Resistance of Side Resistance in Clay a-Method 0.25
Single Piles — Side Resistance in Sand | Nordlund Method 0.35
Static Analysis

* From AASHTO LRFD Bridge Design Specifications, Fourth Edition portion of Table
10.5.5.2.3-1

Design of the foundation system will be based on the anticipated structural loads applied by
the wall, which include the weight of the backfill as well as overturning forces from lateral
earth pressure. Table 22 summarizes the estimated depths below the anticipated pile cap at
which the proposed H-piles should extend to achieve the maximum total factored
geotechnical axial resistance (TFGAR), based on static analysis and the resistance factors
for driven piles presented in Table 21, above. The KYTC Geotechnical Branch recommends
that the maximum TFGAR for each pile size be limited to the values presented in Table 22.

In accordance with Section 10.7.3.7 of the AASHTO LRFD Bridge Design Specifications, the

pile lengths outlined in Table 22 were estimated by considering only the positive side friction
and end bearing resistance below the zone contributing to downdrag.
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Table 22.  Summary of Driven Pile Capacities

Maximum Total
Factored Total Factored
Geotechnical Axial Tip Geotechnical
Resistance® Depth® Elevation Uplift Resistance®
(tons) (ft) (ft) (tons)
12x53 H-pile
100 | 70.0 | 398.1 | 82.9
14x73 H-pile
140 | 715 | 396.6 | 116.3
14x89 H-pile
170 | 74.5 | 393.6 | 139.4

a
b

Cc

Excludes any positive resistance within downdrag zone
Depth as measured from the bottom of the pile cap at 468.1 feet.
Reported uplift resistance is for the corresponding pile length

The Designer should note that these estimates are for the maximum TFGAR listed in
Table 22. The length estimates are based on the pile capacities presented in Table 22 and
the length of pile subjected to downdrag. Should more or less capacity be required, the
Designer should consult FMSM because the downdrag load and length of pile subjected to
downdrag are a function of the pile length. Additionally, should the elevation of the bottom of
the pile cap change, pile lengths and elevations presented in Table 22 would no longer be
valid and should be adjusted accordingly.

The pile lengths outlined in Table 22 are based on static analysis and the corresponding
resistance factors outlined in Table 21. If construction specifications require dynamic
analysis during pile installation as outlined in Table 10.5.5.2.3-1 of the AASHTO LRFD
Bridge Design Specifications, Fourth Edition, the Designer may estimate pile lengths for bid
documents on the appropriate resistance factor outlined in the AASHTO specifications,
based on the level of field testing and construction control. The pile capacity tables in
Appendix | also include a column of factored capacities utilizing a resistance factor (¢qyn) of
0.65, which corresponds to a specific level of dynamic analysis testing during pile installation.

9.5.3.  Hammer Energy

FMSM performed static pile analyses to estimate the ultimate driving resistance that 12-inch
or 14-inch steel H-piles will experience during the installation process for the proposed
retaining wall. The engineering staff performed driveability analyses based on the bearing
elevation and subsurface profile for the CIP retaining wall. FMSM utilized the guidelines
presented in the FHWA publication "Soils and Foundations Workshop Manual" for the
analyses.

The soil column contributing to driving resistance along the wall alignment includes clayey
embankment materials, alluvial clay foundation soils, and the underlying sand and gravel
layers. The analyses are based on steel H-piles being driven to the maximum depths shown
in Table 22 for each of the three (3) pile types. Results of FHWA research and other
literature regarding pile installation indicate that significant reductions in skin resistances
occur during pile driving, primarily due to the dynamics of the installation process. Soils are
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remolded and pore water pressures apparently increase, causing reductions in shear
strengths. The Kentucky Transportation Cabinet (KYTC) suggests the following reductions
to skin resistances when estimating driving resistances:

Clay -50%
Sands - 25%

FMSM estimated the driving resistances under the condition that no interruptions, and
therefore no pile "set" characteristics would be experienced during the driving process.
Drivability analyses were conducted using the GRLWEAP (Version 2005) computer program
for 12x53, 14x73 and 14x89 steel H-piles using common hammer manufactures presented in
the hammer database of the GRLWEAP program. Refer to Table 23 for approximate
hammer energies to drive the various piles.

Table 23.  Maximum Driving Depth for Hammer Energies

Approximate Hammer Depth?® Tip Elevation®
Energy (ft-kips) (ft) (ft)
12x53 H-pile
23 70.0° 398.1°
40 70.0° 398.1°
60 70.0¢ 398.1°
14x73 H-pile
23 65.5 402.6
40 71.5° 396.6°
60 71.5° 396.6°
14x89 H-pile
23 65.0 403.1
40 73.5 394.6
60 74.5° 393.6°

Depth as measured from the bottom of the pile cap

Based on the estimate bottom of the pile cap at elevation 468.1 feet
¢ Depth/Elevation corresponding to the maximum TFGAR
The GRLWEAP analyses indicate that the ICE 60-S pile hammer, which imparts
approximately 60 ft kips of energy, can drive the aforementioned piles to the maximum total
factored geotechnical axial resistance without developing damaging compressive or tensile
stresses within the pile, and without resulting in an excessive humber of hammer blows per
foot of driving. The FHWA publication titled "Soils and Foundations Workshop Manual-
Second Edition" defines a reasonable range of hammer blows to be between 30 and 144
blows per foot for a steel H-pile. Upon selecting the pile size and length required to support
the applied loads, the Designer should select the minimum hammer energy required to drive
the piles to the specified depths listed in Table 23. Appendix J presents tables for H-pile
driving resistance for the various pile sizes based on the soil profile at the structure site. The
Designer may use Appendix J in conjunction with Appendix | to determine a minimum driving
resistance required to drive the pile to a sufficient depth to achieve the specified capacity.

k:\2004proj\Ix2004130\phase 1\final reports\s9280 report.doc 26



9.5.4. Downdrag Estimates

As discussed in section 9.4 of this report, FMSM is recommending that the foundation
systems for the CIP wall option consist of deep foundation elements bearing in the sand
horizons above the underlying bedrock. Fill placement behind the heel of the wall to
accommodate the planned embankment widening will result in settlement of the foundation
soils beneath the wall footprint. Settlement of these materials adjacent to the deep
foundation elements will induce negative skin friction forces and apply downdrag loads to the
piles. FMSM performed settlement calculations to estimate the magnitude of settlement of
the soils beneath the wall in order to quantify the resulting downdrag forces. It should be
noted that this settlement is a result of construction of the embankment behind the retaining
wall and not a result of bearing pressures applied by the wall. Studies indicate that as little
as 0.1 to 0.5 inches (3 to 12 mm) of settlement is sufficient to mobilize negative skin friction
forces at the shaft/pile-soil interface.

FMSM performed calculations to estimate downdrag loads resulting from settlement of the
foundation soils in relation to the planned deep foundation elements. As recommended by
the AASHTO LRFD Bridge Design Specifications, the downdrag analyses are based on
relative soil movements of 0.4 inches between the foundation elements and the surrounding
soil mass. The calculations are based on the lengths outlined in Table 22 for the maximum
total factored geotechnical axial resistance of the piles. If the wall design requires different
lengths or capacities, the Designer should contact FMSM to re-evaluate the downdrag loads
on the foundation elements. The calculations are based upon methods outlined in FHWA-HI-
97-013 and FHWA-IF-99-025, which utilize soil strengths and effective stresses within the
soil horizons. Table 24 outlines the potential negative skin friction estimates for driven pile
deep foundation elements.

Table 24. Estimated Maximum Downdrag Loads for Driven Piles

Total Factored | Estimated Estimated Estimated Maximum
Geotechnical Tip Element Length | Downdrag Load
Foundation Axial Resistance| Elevation® | Subjected to
Element Type (tons) (ft) Downdrag® (ft) | (kips) (tons)
12x53 Steel H-Pile 100 398.1 21.2 47.6 23.8
14x73 Steel H-Pile 140 396.6 21.2 57.2 28.6
14x89 Steel H-Pile 170 393.6 22.6 66.0 33.0

& As outlined in Table 22
® As measured downward from the bottom of the pile cap

Because of the anticipated construction sequencing, downdrag/negative skin friction forces
should be considered in the design of the foundation elements.

9.6. Lateral Squeeze
Studies conducted by the FHWA have shown that some bridge end bents supported on piles
driven through thick deposits of compressible soils have tilted or rotated toward the

embankment. The condition causing the structural deformation is the unbalanced fill loading
on the area surrounding the end bents, which causes the foundation soils to move (squeeze)
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laterally. This unbalanced loading condition can be applied to that of a retaining wall bearing
on driven piles. This squeeze can transmit a large lateral thrust along the length of the piles
embedded within the compressible foundation soils, resulting in the tops of the piles rotating
towards the embankment.

FHWA guidelines suggest that if the pressure exerted by the weight of the embankment
exceeds three times the undrained shear strength of the foundation soils, the potential for
lateral squeeze exists. Based on the subsurface exploration program, the cohesive soil
horizons extend along the entire length of the retaining wall. A design value of 790 psf was
derived for this alluvial clay layer, from the test data obtained for this wall. The pressure
increase at the middle of the alluvial clay layer resulting from wall loading is approximately
3,441 psf between Stations 39+00 and 40+00 using the Service | load combination. Based
on the noted criteria, the pressure applied by the wall does exceed three times the undrained
shear strength of the clay foundation soils (3C = 3 x 790 = 2,370 psf) indicating that the
potential for lateral squeeze exists for the CIP wall option and should be considered in the
design of the wall foundation system. The FHWA “Soils and Foundation Workshop Manual”
suggests that the anticipated lateral movement may be estimated as 25 percent of the fill
settlement. A settlement analysis was conducted at Station 39+00. The analysis yielded an
estimated settlement of 11.4 inches. Thus, the lateral deformation of the wall is estimated to
be on the order of 2.9 inches. For the remainder of the retaining wall between Station 40+00
and 42+08 the bearing pressure increase based on the Service | load combination at the
middle of the clay layer is less than three times the undrained strength of the clay foundation
soils so the potential for lateral squeeze is low.

9.7. Settlement Below Deep Foundation Elements

Widening of the existing interstate and ramp embankments will result in settlement of the
foundation soils underlying the planned retaining structure. Based on the anticipated
construction sequencing (installation of deep foundation elements along the wall alignment,
construction of the planned retaining wall, then construction of the embankment) the
Designer should be aware that settlement will occur in the sand foundation soils below the tip
elevation of the deep foundation elements. Settlement of the sands beneath the foundation
elements will result in settlement of the pile foundation. It should be noted that this
settlement is a result of construction of the embankment behind the retaining wall and not a
result of structural loads placed on the pile foundation. Based on settlement calculations
performed for the CIP retaining wall option and length estimates for the deep foundation
elements, FMSM estimates this settlement to be less than Y2-inch. Because of the
cohesionless nature of the soils beneath the tip elevation of the deep foundation elements,
this settlement should occur during construction of the embankment. The Contractor should
be prepared to accommodate this settlement during construction.

9.8. Global Slope Stability

FMSM evaluated the global stability of the anticipated roadway embankment/CIP wall
configuration utilizing the REAME 2004 slope stability program. Short-term analyses using
total-stress shear-strength parameters for the foundation and embankment materials
simulate conditions that will exist immediately following the construction of the embankment.
Long-term analyses, using effective-stress shear-strength parameters, simulate conditions
that will exist long after the embankment is constructed and excess pore pressures within the
materials have dissipated. Table 25 presents a summary of the slope stability analyses
performed for the CIP wall option.
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Table 25. Summary of Global Slope Stability Analyses for CIP Option

Global Slope Stability
Location Short Term Long Term

Ramp 2 Station 39+00, 1.3 2.4
right of centerline

FMSM evaluated global stability in terms of traditional ASD methodology using factors of
safety. The KYTC Geotechnical Manual recommends minimum target factors of safety of 1.2
and 1.6 for short- and long-term global slope stability analyses, respectively, performed at
structure locations. Based on a comparison of the KYTC minimum target factors of safety
and the results of the global stability analyses summarized in Table 25, the calculated factors
of safety exceed the recommended minimums. Subsurface Data Sheet 4 of 4 in Appendix D
presents results of the slope stability analyses, including predicted minimum factors of safety,
predicted failure surfaces, and modeled groundwater table positions.

10. Toe Wall Analyses
10.1. General

The plan view and cross-sections for the S9280 (W65-10) retaining wall show a toe wall is to
be constructed approximately 20 to 50 feet to the east of the proposed face of the main
retaining wall. The cross-sections indicate the wall will consist of a gravity-type, non-
reinforced concrete structure measuring approximately six feet in height. Engineering
analyses were performed to estimate bearing capacity and evaluate retaining wall and slope
stability. These analyses are discussed further in the following sections.

10.2. Retaining Wall Analyses

This section of the report summarizes stability analyses performed for the planned toe wall.
The retaining wall analyses were performed using spreadsheets developed by FMSM. The
external stability of the proposed retaining wall was evaluated based on a maximum wall
height of six feet and backfill consisting of both random backfill (common excavation) and
granular material. The analyses are based on a functioning drainage system and do not
account for hydrostatic pressures behind the wall.

The initial wall geometry evaluated was based on a gravity-type non-reinforced concrete

structure conforming to KYTC Standard Drawing RGX 002-07. The external stability of the
retaining wall was evaluated based on the following parameters.
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Material Parameters Modeled in Gravity-Type Retaining Wall Stability Analyses

Parameter Value used in Analyses

Wall Geometry

Height 6 ft

Base Width 3ft
Angle of Internal Friction for Material Behind the Wall:

Random Backfill (Common Excavation) 27°

Granular Backfill 38°
Friction Angle Between Backfill and Back of Wall

Random Backfill (Common Excavation) 17°

Granular Backfill 29°
Friction Angle Between Concrete and Foundation Material

Lean Clay Foundation Soils 17°

Over Excavation & Replacement with Granular 29°

Embankment
Unit Weight of Backfill Material (both common and granular) 120 pcf

The results of the stability analyses indicate that the standard gravity wall geometry will only
work with over excavation of the foundation material and replacement with granular
embankment and the fill behind the wall is restricted to granular embankment. Refer to
Table 26 for a summary of the stability analyses performed for the gravity-type structure.

Table 26. Summary of Gravity-Type Retaining Wall Analyses

Angle of
Internal Max Meyerhof
Friction | Wall Base Uniform
Backfill ($) Height Width CDRsiiding | Eccentricity | Pressure
Lean Clay Foundation Soils
Random Backfill 27° 6.0ft | 3.0ft=0.5H 0.31 1.07 ft = 0.36B| 4,150 psf
Granular backfill 38° 6.0ft [3.0ft=05H 0.59 0.32ft=0.11B| 1,785 psf
Granular Embankment Foundation
Random Backfill 27° 6.0ft |3.0ft=05H 0.54 1.07 ft = 0.34B| 4,150 psf
Granular backfill 38° 6.0ft [3.0ft=05H 1.01 0.32ft=0.11B| 1,785 psf
Granular Embankment Foundation with Increased Base Width
Random Backfill | 27° | 6.0ft [7.2ft=12H| 1.02 [1.50ft=0.21B| 2,530 psf

The results of the stability analyses summarized in Table 26 suggests that granular backfill
will be required behind the wall and over excavation of foundation soils and replacement with
granular embankment will be required to meet the minimum evaluation factors for the
CDResiiging @nd eccentricity. In addition, random backfill can be used but it requires over
excavation of the foundation soils and an increased base width of the gravity wall. Based on
the results of the stability analyses for the gravity-type wall, a cantilever-type wall geometry
was also evaluated using the following parameters in order to provide a second option for the
wall system.
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Material Parameters Modeled in Cantilever-Type Retaining Wall Stability Analyses

Parameter Value used in Analyses

Wall Geometry

Height 6 ft

Base Width 4 ft

Stem Thickness 1ft

Footing Thickness 2 ft
Angle of Internal Friction for Material Behind the Wall:

Random Backfill (Common Excavation) 27°

Granular Backfill 38°
Friction Angle Between Backfill and Back of Wall

Random Backfill (Common Excavation) 17°

Granular Backfill 29°
Friction Angle Between Concrete and Foundation Material

Random Backfill (Common Excavation) 17°

Granular Backfill 29°
Unit Weight of Backfill Material (both common and granular) 120 pcf

Refer to Table 27 for a summary of the stability analyses performed for the cantilever-type
structure.

Table 27. Summary of Cantilever-Type Retaining Wall Analyses

Angle of
Internal Max Meyerhof
Friction | Wall Base Uniform
Backill @) | Height| Width | CDRsjang | Eccentricity | Pressure
Lean Clay Foundation Soils
Random Backfill 27° 6.0ft | 4.0ft=0.7H 0.24 0.27 ft = 0.07B| 2,000 psf
Granular backfill 38° 6.0ft | 40ft=0.7H 0.54 0.04 ft =0.01B| 1,310 psf
Granular Embankment Foundation
Random Backfill 27° 6.0ft | 4.0ft=0.7H 0.41 0.27 ft = 0.07B| 2,000 psf
Granular backfill 38° 6.0ft | 40ft=0.7H 0.91 0.04 ft =0.01B| 1,310 psf
Granular Embankment Foundation with Increased Base Width
Granular Backfill| 38> | 6.0ft | 48ft=084| 100 [0.10ft=0.02B| 1,275 psf

The retaining wall analyses for the cantilever-type wall also indicate that over excavation of
the foundation soils and backfill with granular embankment with an increase in the base
width of the wall will be required to meet the minimum evaluation factors for the CDRysjiging.
Based on a review of the results presented in Table 27, it is recommended that random
backfill be excluded from use behind the toe wall for the cantilever-type retaining wall.
Recommendations are being provided on the placement of granular backfill.

10.3. Bearing Capacity Analyses of the Existing Soils
Based upon the information derived from drilling, sampling, and lab testing operations

conducted along the planned retaining wall system, ultimate bearing capacity estimates were
performed for comparison with the induced wall loadings. The methodology used to
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calculate the nominal bearing capacity (q,) is presented in the AASHTO LRFD Bridge Design
Specifications, Fourth Edition Section 10.6.3 and the US Army Corps of Engineers “Bearing
Capacity of Soils”, EM 1110-1-1905.

Review of the soil profile developed along the wall alignment in conjunction with the planned
bearing elevations indicates the wall will be founded on clayey soils. Thus, the bearing
capacity will be controlled by the short-term strength of the clays. Because of the limited
amount of testing performed for the subject wall, the bearing capacity analyses utilized the
results of laboratory testing performed for the larger companion retaining wall to the west. A
value of cohesion of 790 psf derived from unconfined compression test results and
correlations of corrected SP N-values yields a recommended allowable bearing capacity on
the order of 2,230 psf using a width of wall of 3.0 feet and 4.8 feet for the gravity wall and the
cantilever wall, respectively. This value will be compared against the applied bearing
pressures estimated as part of retaining wall analyses discussed in Section 10.2 above.

11. Conclusions and Recommendations

FMSM developed the following recommendations based upon reviews of available data,
information obtained during the field exploration, results of laboratory testing and engineering
analyses, and discussions with the Designer and KYTC personnel. The recommendations
are specific to the wall geometries, heights, and bearing elevations discussed herein, derived
from structure drawings downloaded from the KTA ProjectWise website on March 1, 2007. If
roadway design modifications result in retaining wall geometries different than those
discussed and evaluated herein, FMSM should be notified and provided with the design
changes to re-evaluate the planned retaining wall system and modify the recommendations
as applicable.

11.1. General

11.1.1. Design of the subject retaining structure should be in accordance with the AASHTO
LRFD Bridge Design Specifications, Fourth Edition.

11.1.2. Based on the subsurface conditions encountered in borings performed along the
wall alignment, the wall will be a soil bearing structure. It is recommended that the minimum
wall embedment depth be in accordance with Section 11 of the AASHTO LRFD Bridge
Design Specifications, Fourth Edition.

11.1.3. Review of the soil profile developed along the wall alignment in conjunction with the
planned bearing elevations indicate the wall will be founded on clayey soils from Station
39+00 to 40+00 and shale (shot rock) embankment from Station 40+00 to 42+08. Thus, the
bearing capacity will be controlled by the short-term strength of the clays and the friction
angle of the shale. Based on a value of cohesion of 790 psf and a friction angle of 35
degrees for the alluvial clays and shale (shot rock) embankment materials, respectively,
derived from unconfined compression test results and correlations of corrected SP N-values,
the estimated nominal bearing capacity (gn,) of the soils between Station 39+00 and 40+00 is
on the order of 4,226 psf. The estimated nominal bearing capacity (q,) of the shale
embankment between Station 40+00 and 42+08 ranges from 27,050 psf to 44,308 psf.

11.1.4. Construction of the planned retaining wall will require excavations at the toe of the

existing interstate and ramp embankments as well as temporary excavations within the
embankments themselves. The Contractor should evaluate the stability of the existing
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embankments and adjacent structures in conjunction with temporary excavations to verify
that the planned excavation/bracing/shoring system maintains the stability of the highway
embankment.

11.1.5. Temporary wall slopes and foundation excavations in soil shall be properly
designed, or should be properly braced/shored to reduce the possibility of collapse and
provide adequate safety to people working in or around the excavations. Bracing/shoring
shall be performed in accordance with applicable federal, state and local guidelines.

11.1.6. At the writing of this report, a borrow source for embankment material has not been
identified. The engineering analyses performed for the retaining wall options are based on
estimated soil strength parameters for the retained fill and embankment materials. It is
recommended that borrow material to be used for embankment construction meet the
following minimum strength parameters.

Embankment Material Retained Fill
Total Stress Effective Stress Total Stress Effective Stress
¢ = 1400 psf c = 200 psf ¢ = 1400 psf c = 170 psf
d = 0° 52 23° d = 0° ) = 27°
v = 120 pcf v = 120 pcf v = 120 pcf v = 120 pcf

The retained fill material shall be placed in the entire area between the wall and a 1:1 (H:V)
line sloping upward and away from the base of the heel of the wall for a CIP wall or the base
of the reinforced material for a MSE wall to the top of the wall. Non-durable shales and fat
clays (USCS classification of CH) should specifically be excluded from use within this zone.

The Contractor shall perform laboratory testing to confirm that the minimum total stress and
effective stress strength parameters are equal to or greater than the above values per
material type for each borrow area. The test results shall be submitted to the Engineer for
approval.

11.1.7. Fill materials associated with interstate construction and/or previous development in
the City of Louisville were encountered within each of the five borings drilled along the wall
alignment. Because the structure site is located within an area of previous site grading and
construction, the Contractor should anticipate encountering fill materials along the wall
alignment. The excavations shall be deepened as necessary to provide an adequate bearing
medium.

11.1.8. Granular embankment used as backfill and/or for over excavation and replacement
shall be non-erodible and shall conform to the requirements of Section 805 of the current
Kentucky Standard Specifications for Road and Bridge Construction. Contrary to Section
805 of the specifications, the maximum size limit shall be reduced to four (4) inches. The
granular embankment material shall be wrapped with Type IV geotextile fabric meeting the
requirements of Section 843 of the current Kentucky Department of Highways Standard
Specifications for Road and Bridge Construction to provide separation from the clay
embankment and/or foundation materials.

11.1.9. Soils exposed within the bottomsof footing trenches shall be observed for suitability
by a geotechnical engineer or an engineering technician working under his/her direct
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supervision. Old fill or unsuitable material which might be encountered shall be removed.
Areas disturbed by the excavation process should be restored utilizing proper compaction
methods.

11.1.10. If soft, wet soils are encountered in the foundation excavations, they should be
undercut a minimum depth of two (2) feet and backfilled to the design bearing elevation using
non-erodible Granular Embankment conforming to Section 805 of the current Kentucky
Department of Highways Standard Specifications for Road and Bridge Construction.
Contrary to Section 805 of the specifications, the maximum size limit shall be reduced to four
(4) inches. The bottoms of the foundation excavations should be proof-rolled to restore the
in-place density of any soil disturbed in the excavation process. Isolated zones of loose or
wet soil may also be stabilized using KY size No. 2, 3, or 23 stone, as specified in Section
805 of the current Kentucky Department of Highways Standard Specifications for Road and
Bridge Construction.

11.2. Mechanically Stabilized Earth (MSE) Wall
It is FMSM's understanding that the MSE option for the subject retaining wall will exhibit the

geometry summarized in the following table. The height of the wall is as measured from the
base of the wall up to roadway grade. The backfill slope behind the wall will be level.

Summary of Wall Configuration Evaluated for MSE Option

Maximum Base of Wall
Alignment Station Limits Wall Height Elevation*
Ramp 2 39+00 to 40+00 36.0 ft 460.0 ft
Ramp 2 40+00 to 40+50 24.0 ft 470.5 ft
Ramp 2 40+50 to 41+00 17.5 ft 476.5 ft
Ramp 2 41+00 to 41+50 12.0 ft 481.5 ft
Ramp 2 41+50 to 42+08 26.5 ft 467.5 ft

* See Recommendation 11.2.6 for foundation soil modification

11.2.1. Based on the nominal bearing capacities (g,) outlined in Recommendation 11.1.3
and a resistance factor (¢,) of 0.67, the factored bearing capacity for the MSE wall option
should be designed using the following factored bearing capacities (ggr):

Station Interval Factored Bearing Capacity (gr)*
Ramp 2 39+00 to 40+00 2,830 psf
Ramp 2 40+00 to 40+50 5,730 psf
Ramp 2 40+50 to 41+00 8,870 psf
Ramp 2 41+00 to 41+50 16,220 psf
Ramp 2 41+50 to 42+08 4,180 psf

* Applicable for no over excavation.

11.2.2. Based on eccentricity requirements outlined in Section 11.6.3.3 of the AASHTO
LRFD Bridge Design Specifications, Fourth Edition, it is recommended that the minimum
reinforcing strap length used for design and construction of the MSE wall option conform to
the guidelines outlined in the table below. However, the minimum strap length should not be
less than eight (8) feet.
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Guidelines For Minimum Reinforcement Strap Length for MSE Walls

Minimum
Wall Height Strap Length
29ft<H 0.7H
16 ft<H <29 ft 0.8H
12ft<H< 16 ft 0.9H
9ft <H < 12ft 1.0H

This strap length may need to be increased by the wall designer depending on the results of
the internal wall stability analyses. The wall designer should verify MSE wall stability against
sliding, eccentricity and bearing capacity failure, based on the final wall design dimensions.
The stability analyses should be performed in accordance with the AASHTO LRFD Bridge
Design Specifications, Fourth Edition.

11.2.3. The minimum wall embedment shall be as specifiedin Section 11 of the AASHTO
LRFD Bridge Design Specifications, Fourth Edition, or two (2) feet, whichever is greater, as
measured from the ground surface in front of the wall down to the base of the wall.

11.2.4. The internal design of the MSE wall shall be performed in accordance with
Section 11 of the AASHTO LRFD Bridge Design Specifications, Fourth Edition. The pullout
resistance shall be based on a ¢ = 34°, unless specific laboratory tests are conducted to
obtain pullout design parameters.

11.2.5. 1t is recommended that the gradation of the reinforced soil conform to guidelines
presented in the FHWA publication "Mechanically Stabilized Earth Walls and Reinforced Soil
Slopes" and Section 805 of the current Kentucky Department of Highways Standard
Specifications for Road and Bridge Construction. During MSE wall construction this material
should be wrapped with an engineering fabric (Geotextile) for separation. The engineering
fabric should conform to the requirements of Section 843 of the current Kentucky Standard
Specifications for Road and Bridge Construction.

11.2.6. Based on the loading conditions calculated for the MSE wall, and the factored
bearing capacity of the existing foundation soails, it is recommended that portions of the wall
foundation area be over-excavated and backfilled with granular embankment in an effort to
spread the wall load over a large area and meet bearing capacity requirements. The areas
requiring foundation soil modification and the type of modification recommended are
presented in the table below.
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Recommended Foundation Soil Modification for MSE Wall

Maximum | Bearing Capacity Recommended
Wall at the base of the Foundation Soil
Station Interval* Height Over Excavation** Modification
39+00 to 40+00 36.0 ft 5,670 psf Over-excavate to a minimum depth
(Alluvial Clay) of 8 feet below the base of the
MSE wall and 8 feet horizontally
beyond the wall perimeter
(assuming a 1H:1V backfill slope).
The excavation should be
backfilled with geogrid reinforced
granular embankment.
(Recommendation 11.1.8.)
40+00 to 40+50 24.0 ft 5,730 psf No soil modification required.
(Shale Embankment)
40+50 to 41+00 1751t 8,870 psf No soil modification required.
(Shale Embankment)
41+00 to 41+50 12.0 ft 16,220 psf No soil modification required.
(Shale Embankment)
41+50 to 42+08 26.5 1t 4,160 psf Over-excavate to a minimum depth
(Alluvial Clay) of 5 feet below the base of the
MSE wall and 5 feet horizontally
beyond the wall perimeter
(assuming a 1H:1V backfill slope).
The excavation should be
backfilled with geogrid reinforced
granular embankment.
(Recommendation 11.1.8.)

* Ramp 2 Stationing

** The values presented in the table include an increase in bearing capacity for over excavation
and an increase or decrease for a two-layer system, as applicable.

11.2.7. Additional horizontal over-excavation of the foundation soils is recommended in
select areas as outlined in Recommendation 11.2.6. to spread the applied wall loads over a
larger area. Biaxial geogrid reinforcement shall be incorporated into the granular
replacement of the over excavated foundation soils within these areas to assist load transfer.
The geogrid reinforcement shall be placed between one foot layers of compacted non-
erodible granular embankment. The biaxial geogrid shall extend the full width and length of
the area requiring horizontal over excavation. At a minimum, the biaxial geogrid
reinforcement shall exhibit the following Machine Direction (MD) values:

Index Property MD Value*
2% Junction Tension Modulus in Use 18,200 Ib/ft
Junction Strength in Use at 2% Strain 370 Ib/ft

* |n accordance with GRI-GG2-87

11.2.8. Based on settlement calculations performed along the wall alignment, settlements
up to 8.7 inches can be expected. Differential settlements on the order of 4.7 inches
occurring over a wall length of 5 feet (1/13) should be anticipated and considered in the
design of the MSE wall. The wall designer should select the panels and size the joint widths
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between the wall panels to accommodate the anticipated settlements. It is FMSM’s
understanding that the permanent fascia will not be installed until an appropriate amount of
settlement has occurred as indicated in Recommendation 11.2.11. If this cannot be done,
ground improvement techniques such as, additional over excavation and replacement, or use
of stone columns may be warranted to reduce the anticipated settlement. The over-
excavation limits recommended in Recommendation 11.2.6 are required to modify foundation
conditions to achieve adequate bearing capacity. Additional over-excavation and
replacement of soils with select embankment would be required to reduce the magnitude of
settlement.

11.2.9. 1t is recommended that vertical slip joints be incorporated into the design and
construction of the MSE wall at the following locations in conjunction with a “step” in the wall
bearing elevation. It is recommended that vertical slip joints also be constructed at any
additional “steps” introduced into the planned bearing elevation by the wall Designer.

Ramp 2 Station
40+00
40+50
41+00
41+50

11.2.10. If the placement of an obstruction in the wall reinforcement zone such as drainage
structures, signal or sign foundations, guardrail posts, or the bridge foundation system
(piles or drilled shafts/caissons) cannot be avoided, the design of the wall near the
obstruction shall be modified using one of the following alternatives:

a. Place a structural frame (collar or yoke) around the obstruction which is capable
of carrying the load from the reinforcement in front of the obstruction to the
reinforcement connected to the structural frame behind the obstruction.

b. If the soil reinforcements consist of discrete strips or bar mats rather than
continuous sheets, depending on the size of the obstruction, it may be possible
to splay the reinforcements around the obstruction.

c. Reinforcement layers shall not be structurally connected to any foundation
elements.

11.2.11. Settlement analyses were performed along the planned wall alignment in order to
develop settlement profiles for the proposed structure. It is FMSM's understanding that the
wall will be constructed and allowed to settle prior to the attachment of the permanent fascia.
Time rate of settlement calculations indicate 90 percent of primary consolidation will occur in
about 189 days (27 weeks). In order to monitor the settlement of the wall, settlement
platforms shall be furnished and installed by the Contractor at the following approximate
locations. Installation of the platforms shall be in accordance with Section 216 of the current
Standard Specifications for Road and Bridge Construction and Standard Drawing RGX-015.
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Ramp 2 Station
39+50, 107 Rt.
40+25, 107 Rt.
40+75, 107 Rt.
41+25, 107 Rt.
41+75, 107 Rt.

The exact locations shall be determined by the Engineer and a representative of the Division
of Structural Design, Geotechnical Branch once wall layouts have been finalized. Settlement
readings shall begin with an initial reading upon placement of the platform prior to beginning
embankment/retaining wall construction. Readings shall continue periodically during and
following completion of the subject roadway embankments and retaining structures. The
settlement platforms shall be left in place for future readings after the project is completed.
Necessary forms for recording settlement measurements can be obtained from the
Geotechnical Branch at the request of the Engineer. The Engineer will be responsible for
reading and recording the settlement data. The Geotechnical Branch will be responsible for
evaluation of the actual settlement data. Installation of the permanent fascia shall not begin
until the Geotechnical Branch has determined that an adequate percent of consolidation of
the foundation soils has been achieved. The Contractor shall be responsible for replacing all
damaged settlement platforms at no extra cost.

11.3. Cast-in-Place (CIP) Cantilever Retaining Wall
It is FMSM's understanding that the CIP option for the subject retaining wall will exhibit the

geometry summarized in the following table. The height of the wall is as measured from the
base of the wall up to roadway grade. The backfill slope behind the wall will be level.

Summary of Wall Configuration Evaluated for CIP Option

Maximum Base of Wall
Alignment Station Limits Wall Height Elevation
Ramp 2 39+00 to 40+00 37.0 ft 459.0 ft
Ramp 2 40+00 to 40+50 25.0 ft 469.5 ft
Ramp 2 40+50 to 41+00 18.5 ft 475.5 ft
Ramp 2 41+00 to 41+50 13.0 ft 480.5 ft
Ramp 2 41+50 to 42+08 26.5 ft 467.5 ft

11.3.1. The minimum wall embedment should be three (3) feet as measured from the
ground surface in front of the wall to the base of the footing to provide approximately one (1)
foot of soil cover over the wall footing.

11.3.2. Backfill behind the wall can consist of retained fill as defined in Recommendation
11.1.6. or non-erodible granular embankment as defined in Recommendation 11.1.8..
Coefficients of active earth pressure (K,) were determined based on Coulomb earth pressure
theory using phi angles of 27 and 38 degrees, a vertical back of wall, and friction angles
between the back of the wall and backfill of 17 and 29 degrees. Based on a unit weight of
120 pounds per cubic foot for the backfill material, the following equivalent fluid pressures
are applicable:
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Common Backfill (b = 27°) Granular Embankment (¢ = 38°)
Coefficient of Equivalent Coefficient of Equivalent
Active Earth Fluid Pressure Active Earth Fluid Pressure
Slope of Backfill] Pressure (K;) | Per Linear Foot | Pressure (Ky) | Per Linear Foot

Level 0.335 40 psf 0.218 26 psf
3:1 (H:V) 0.464 56 psf 0.274 33 psf
2:1 (H:V) 0.714 86 psf 0.323 39 psf

Drainage systems consisting of free draining material and filter fabric shall be placed directly
behind the wall and be a minimum thickness of two feet. Use of filter fabric will help reduce
the infiltration of fines into the granular material behind the wall and help reduce clogging of
the drainage system. In addition, weep holes should also be provided in the design of the
walls. If a drainage system is not provided, the design should incorporate full hydrostatic
forces behind the wall.

11.3.3. Based on total and differential settlement concerns, it is recommended that the CIP
wall option be supported by deep foundation elements. The design of the deep foundation
system should be based on the following toe and heel pressures calculated for the wall
configurations described herein.

Applicable Bearing Pressures for Design of Deep Foundations for CIP Wall Option

Wall Geometry** Calculated Pressures
Maximum| Footing | Toe Meyerhof | Maximum Minimum
Station Interval* Height Width | Width | Uniform Toe Heel

39+00 to 40+00 37.0 1t 0.8H 0.1H 4,880 psf 7,950 psf 3,520 psf

40+00 to 40+50 25.0 ft 0.8H 0.1H 4,670 psf 5,700 psf 2,330 psf

40+50 to 41+00 18.5ft 0.8H 0.1H 3,680 psf 4,550 psf 1,680 psf

41+00 to 41+50 13.0 ft 1.0H 0.1H 2,740 psf 3,170 psf 1,830 psf

41+50 to 42+08 26.5 ft 0.8H 0.1H 4,910 psf 5,990 psf 2,480 psf

* Ramp 2 Stationing
** H = Wall Height

The bearing pressures provided above were determined based on the wall geometries
outlined in the table. If the final design results in retaining wall geometries different than
those outlined above, the retaining wall designer should perform analyses to determine the
appropriate bearing pressures for design of the foundation system.

11.3.4. Axial capacity estimates for single steel H-piles are provided in Appendix I. The
following table provides estimated pile lengths applicable for the recommended maximum
total factored geotechnical axial resistances (TFGAR) along the wall alignment. Upon
determination of the final H-pile locations, arrangement, and loads, the Designer should use
the estimates to determine the H-pile size and length for each pile. However, the Designer
should note that these estimates are for the TFGAR referenced in the following table only.
Should more or less capacity be required, the Designer should consult FMSM because the
downdrag load and length of pile subjected to downdrag are a function of the pile length.
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Summary of Driven Pile Capacities

Maximum Total
Factored Total Factored
Geotechnical Axial Tip Geotechnical
Resistance® Depth® Elevation Uplift Resistance®
(tons) (ft) (ft) (tons)
12x53 H-pile
100 | 70.0 | 398.1 | 82.9
14x73 H-pile
140 | 715 | 396.6 | 116.3
14x89 H-pile
170 | 74.5 | 393.6 | 139.4

Excludes any positive resistance within downdrag zone
Depth as measured from the bottom of the pile cap.
¢ Reported uplift resistance is for the corresponding pile length

b

11.3.5. The TFGAR estimates provided in Appendix | were derived using the following
resistance factors, as recommended by the AASHTO LRFD Bridge Design Specifications,
Fourth Edition.

Resistance
Loading Resistance Analysis Factor*
Condition Mechanism Methodology (p)

Nominal Resistance of | Skin Friction and a-Method 0.35
Single Pile in Axial End Bearing —
Compression — Clay and Mixed Soils
Static Analysis Skin Friction and Nordlund/Thurman 0.45

End Bearing — Method

Sand
Uplift Resistance of Side Resistance in Clay a-Method 0.25
Single Piles — Static Side Resistance in Sand | Nordlund Method 0.35
Analysis

* From AASHTO LRFD Bridge Design Specifications, Fourth Edition, portion of Table
10.5.5.2.3-1

11.3.6. If load testing and/or dynamic analysis of driven piles in soil is conducted, the LRFD
resistance factors used to determine the factored axial capacity for design purposes may be
revised as outlined in Table 10.5.5.2.3-1 of the AASHTO LRFD Bridge Design Specifications,
Fourth Edition based on site variability and the number and type of tests performed. If the
Designer performed lateral capacity analyses based on the pile lengths outlined in
Recommendation 11.3.4, the lateral capacity analyses will need to be revisited if the pile
lengths are revised based on load testing and/or dynamic analysis.

11.3.7. Because the widening of the roadway embankment will be constructed after
installation of the deep foundation elements recommended for support of the CIP wall, the
piles will be subjected to downdrag loads resulting from settlement of the foundations soils.
One of the following alternatives may be implemented to reduce the downdrag loads:
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a. Coat piles with bitumen slip layer within the zone subjected to downdrag to allow
movement between the soil and the piles. Current practice allows for as much
as 90 percent reduction in downdrag forces with this method.

b. Predrill and provide a polypropylene or steel sleeve for the pile to reduce down-
drag. This method only prevents contact between the pile and adjacent soils.

c. Design the embankment with lightweight fill to reduce the overall settlement of
the foundation soils.

11.3.8. As noted, all pile capacities presented in Appendix | are for single piles. In addition
to applying appropriate resistance factors, individual capacities for piles in group
configurations may be further reduced depending upon soil type, bearing condition of the pile
cap, or center-to-center spacing as recommended in the AASHTO LRFD Bridge Design
Specifications, Fourth Edition. The following criteria should be observed:

Group Efficiency Factor
Cohesive Soils Cohesionless Soils
CTC Cap not in firm Cap in firm Cap in or not in firm
Spacing | Contact with Ground Contact with Ground Contact with Ground
6B 1.00 1.00 1.00
2.5B 0.65 1.00 1.00

The notation "B" is the pile diameter and the percent reduction can be linearly interpolated
between the values and spacing provided.

11.3.9. The AASHTO LRFD Bridge Design Specifications recommend a resistance factor
for horizontal geotechnical resistance of a single pile or pile group of 1.0 for lateral capacity
analyses. Appendix H provides ldealized Soil Profiles that outline the recommended soil
parameters for use in lateral load analyses.

11.3.10. Use Grade 50 steel H-piles as friction piles. Piles should be driven to the target
elevation and then left for a minimum of one day to allow for dissipation of excess pore
pressures caused by the pile installation process. This should allow the soil to "set-up".
After the one day waiting period, re-strike the piles to see if an adequate capacity has been
achieved.

11.3.11. Hammer energies which could drive the pile section were based on the ultimate

driving resistance that 12x53, 14x73 and 14x89 steel H-piles would experience during the
installation process. The results of these calculations are presented in the following table:
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Maximum Driving Depth for Hammer Energies

Approximate Hammer Depth?® Tip Elevation®
Energy (ft-kips) (ft) (ft)
12x53 H-pile
23 70.0¢ 398.1°
40 70.0° 398.1°
60 70.0° 398.1°
14x73 H-pile
23 65.5 402.6
40 71.5° 396.6°
60 71.5° 396.6°
14x89 H-pile
23 65.0 403.1
40 73.5 394.6
60 74.5° 393.6°

Depth as measured from the bottom of the pile cap

Based on the estimate bottom of the pile cap at elevation 468.1 feet
¢ Depth/Elevation corresponding to the maximum TFGAR
11.3.12. Upon selecting the pile size and length required to support the applied loads, the
Designer should select the minimum hammer energy required to drive the piles to the
specified depths from the table presented in Recommendation 11.3.11 above. The Designer
should place a note on the drawings that states: A hammer system capable of delivering a
minimum energy of _ foot-kips will be necessary to drive the piles without encountering
excessive blow counts and over-stressing the piles. The Contractor should submit
appropriate pile driving systems to the Kentucky Transportation Cabinet for approval prior to
the installation of the first pile. Approval of the pile driving system by the Engineer will be
subject to satisfactory field performance of the pile driving procedures.

11.3.13. Upon selecting the pile size and length required to support the applied loads, the
Designer should select the minimum driving resistance required to install the pile to the
design depth from the tables provided in Appendix J. This driving resistance should be
reported to the Contractor to aid in determining when/if the pile has been driven to a
sufficient depth to achieve the specified capacity.

11.3.14. Pile types, driving systems and installations should conform to current AASHTO
LRFD Bridge Design Specifications unless otherwise specified.

11.3.15. Drivability studies were performed assuming continuous driving. If interruptions in
driving individual piles should occur, difficulties in continuing the installation process will likely
occur due to pile "set-up" characteristics.

11.3.16. The AASHTO LRFD Bridge Design Specifications, Fourth Edition recommends the
following resistance factors for determining the structural capacity of steel H-piles.
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Resistance Factor*
Piles Subjected to
Damage From Severe Good

Loading Condition Driving Conditions** Driving Conditions

Axial Resistance ¢.=0.50 ¢.=0.60

In Compression
Combined Axial and N/A ¢.=0.70
Flexural Resistance ¢:=1.00

* As specified in Section 6.5.4.2 of the AASHTO LRFD Bridge Design Specifications,
Fourth Edition

** Apply these values only to the section of the pile likely to be damaged during
driving (Section 6.15.2 of the AASHTO Specifications)

11.4. Toe Wall

It is FMSM's understanding that the subject retaining wall will measure approximately 300
feet in length and exhibit a maximum height of approximately 6 feet, as measured from the
base of the footing to the top of the wall. The backfill configuration behind the wall will be a
2H:1V slope.

11.4.1. Based on the depth to bedrock and the anticipated wall loading, it is recommended
that the retaining wall be supported by a yielding foundation system. The allowable bearing
capacity of the underlying soil material is 2,230 pounds per square foot.

11.4.2. To maintain an acceptable factor for the CDRgjaing, it iS recommended that a
minimum of one foot of material be excavated below the wall footprint and backfilled with
non-erodible granular embankment as defined in Recommendation 11.1.8.

11.4.3. The minimum wall embedment shall be two feet, as measured from the ground
surface in front of the wall down to the base of the footing.

11.4.4. Retaining wall stability analyses indicate the geometry for a six foot tall standard
gravity wall (KYTC Standard Drawing RGX-002-07) will meet the minimum factor for
CDResiiging based on the AASHTO LRFD Bridge Design Specifications, Fourth Edition. If a
gravity type retaining wall is chosen, the foundation soils will need to be over excavated and
replaced with granular embankment (see Recommendation 11.4.2.), and the backfill behind
the wall shall consist of non-erodible granular embankment as defined in Recommendation
11.1.8. As another option, a gravity type retaining wall can be used with random backfill
provided that the foundation soils are over excavated and replaced with granular
embankment and the base width is widened to 7.2 feet.

Using a phi angle of 38 degrees, a wall height measuring 6 feet, a base width measuring
3 feet, an angle between back of the wall and vertical equal to 14.0 degrees, a friction angle
between the back of the wall and the granular backfill equal to 29 degrees, and a unit weight
of 120 pounds per cubic foot for the backfill material, the following equivalent fluid pressures
are applicable:
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Slope of Backfill

Equivalent Fluid Pressure
Per Linear Foot
Granular Embankment (¢ = 38°)

Level 41 psf
3:1(H:V) 53 psf
2:1(H:V) 64 psf

The backfill shall be placed in the entire area between the wall and a 1:1(H:V) line sloping
upward away from the base of the heel of the wall to the top of the wall. Type IV geotextile
fabric shall be placed on the 1:1(H:V) slope to reduce the infiltration of fines into the granular
material behind the wall and help prevent clogging of the drainage system. The drainage
system shall consist of 4 inch diameter pipe with weepholes installed at locations as
indicated by KYTC Standard Drawing RGX 002-07 or by the Designer; and/or perforated
pipe installed at the base of the wall and “daylighted” to promote “dewatering” of the granular
backfill.

11.4.5. Retaining wall stability analyses indicate a cantilever-type retaining wall measuring
six feet in height can meet the minimum factor for CDRsjising @and eccentricity provided that the
foundation soils are over excavated and replaced with granular embankment (see
Recommendation 11.4.2.). In addition, the footing width will need to be increased to 4.8 feet
(0.8H), and the backfill behind the wall shall consist of hon-erodible granular embankment as
defined in Recommendation 11.1.8.

Using a phi angle of 38 degrees, a vertical back of wall, friction angle between the back of
the wall and backfill of 29 degrees, and a unit weight of 120 pounds per cubic foot for the
backfill material, the following equivalent fluid pressures are applicable:

Equivalent Fluid Pressure
Per Linear Foot

Slope of Backfill

Granular Embankment (¢ = 38°)

Level 26 psf
3:1(H:V) 33 psf
2:1(H:V) 39 psf

Drainage systems consisting of free draining material and filter fabric shall be placed directly
behind the wall and be a minimum thickness of two (2) feet. Use of filter fabric will help
reduce the infiltration of fines into the granular material behind the wall and help reduce
clogging of the drainage system. In addition, weep holes shall also be provided in the design
of the walls. If a drainage system is not provided, the design shall incorporate full hydrostatic
forces behind the wall.

12. Closing

12.1. General soil and rock descriptions and indicated boundaries are based on an
engineering interpretation of all available subsurface information and may not necessarily
reflect the actual variation in subsurface conditions between borings and samples. Collected
data and field interpretation of conditions encountered in individual borings are shown on the
geotechnical drawings included in Appendixes C and D.

12.2. The observed water levels and/or conditions indicated on the boring logs are as
recorded at the time of exploration. These water levels and/or conditions may vary
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considerably, with time, according to the prevailing climate, rainfall or other factors and are
otherwise dependent on the duration of and methods used in the exploration program.

12.3. Sound engineering judgment was exercised in preparing the subsurface information
presented herein. This information was prepared and is intended for design and estimating
purposes. Its presentation on the plans or elsewhere is for the purpose of providing intended
users with access to the same information available to the KYTC. This subsurface
information interpretation is presented in good faith and is not intended as a substitute for
personal investigations, independent interpretations or judgments of the Contractor.

12.4, All structure details shown herein are for illustrative purposes only and may not be
indicative of the final design conditions shown in the contract plans.

12.5. The scope of services for this portion of the project did not include an environmental
assessment or investigation for the presence or absence of wetlands or hazardous or toxic
materials in the soil, surface water, groundwater or air, on or below the site. Any statements
in this report or on the soil boring logs regarding odors noted or unusual or suspicious
conditions observed are for the information of the KYTC and should not be construed as an
environmental evaluation.
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Location Map
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Appendix B

Client Drawings from
ProjectWise
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Appendix C

Subsurface Data Sheets
for MSE Wall Option
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1B, Based on SeTiiement calcUIOTIONS performed along The wdl olgnment. SeTiiements up o 8.1
p " of 4.
wall length of 5 Fest (1/13) should be anticipated and considared in fhe desian b the MSE

panels fo accommodate the anticpated seftiements. If fs FUSMs
permonent ascia will o+ be Ingtalled UNHI an APErDPrIate AMoUN+ of settlement nas oCeUrred
as indlcated In beatechrical Note 2I.
R a8, additionol over exsave

rranted 49 reduse ihe onticbuied settiement. The aver-excovaton linfts recamnended in
Geatecnmical Note 16 Ore reeutred

beoring copucity. Additlanal ayer-exvavation and replocamsnt of solls ¥ith sdlect bonkment
would be required to reduce the magrifude of settier

can be oxpectad. DIfferentiol saTtiaments an The order o5 Decurring over

TNE WOl 0esigner snauIg select Hne pANEls ORG SiIZe HNe (oIt WITHNS betyeen fne wall
Msh i

undkrsTonding tha

If this connet be done, ground Tmprovemert techniques
@416M ONG FeplaEeMENt, br LSS OF Stoms ol

O MOqITy TOUMSOTIGN Gonitions to  ooMeve aded

(lies or drilled
batruction shall be

Use the fallowing sail strength parameters for design:

GEOTECHNICAL NOTES

for MSE Walls

1911 18 reconmenaea Trar verrical sp JjainTs, e Incorporated fnto e gesign and canstrcTion 21
of the MSE wall at the following locations In conjunction ring
Glevation. 11 1o recommended Tnat verTical s oints also be consiructed af any eddiional
‘ateps’Introduced into fhe planned bearing elevation by +he wall Designer.

n With o *step’in The wall be

Romp 2 Stotian

ures, signol or sign foundations,

0.1t the placement of an obstructlon In the wall refnforcement zone such os drolmag
guordrall posts, or th
shafts/colssons) cannot be ovolded, the design of the woll near the
modified using ohe of the Following ol ternotives:

.
ridge foundation system

Ploce o atructurel frame (collor or yokel oround the obatruction which is copoble

of carrying the load from the reinforcement in front of the obstruction to

the reinforcement conmected to

the structursl frame bohind the obstruction.

IT 1the soll relnforcements consist of discrete strips or bar mats rather than

continuous sneets, depending on he size of the obstruction, it may be possible
o splay the reinforcements around fhe obsiruction.

- Relnforcament layers shallnot be structuraly connscted to any foundation

ele

Coheslon Friction Angle Unit Welght
(sl (degrees) (peh)
Internal Backfill
(in reinforced volume) o 34 15 B
Retained Fill
Soil Embankment 170 27 120 Focing
Granular Embankment 0 38 120 W | Foe
Foundation Sofls i
Existing Clay Seils 150 3z 128
Existing Embankment 0 35 122 TF “embeanent
Granular Replacement 0 38 120 T
EXCAVATION AND GRANULAR BACKFILL REPLACEMENT
External Mechanically Stabllized
Bchﬁ'H et
B
Mechanically Staobilized Type IV Fabric
rth S oo
/Pmé
Faomg
Panels 1.0 £+ L0 1
< ) I
~ 1 Tz Db fdi mlnlmum*
- So i \ G
Type 1Y fabgic W wlar ol
s 2.0 FT minimum \

Excavote Original
Ground

= T el
Internal
Bock Il

S Emannent 7

Sol

Type 1V fobric

Blaxial Geogrid
Reinfarcement

Type 1V Fabric required only where thers
fs a soll-gronular material inter face.

LX2004130/PHASEI /SU280/NSE /$92B0_GEONTS2.DGN

2.0 F1. minimum

The minimum reinforcment length (L)
shall be the greater of:

L>0.7 W
8 ft
H/(-0.3 tan B) for sloping back fill
for level book il

e

EXCAVATION AND GRANULAR FOUNDATION REPLACEMENT

Mechanically Stabilized

Type IV fabric

Facing
| e

4.0 10 5.0 Fr
( 2.0 75 minimum*
4 &nbedment

4.0 10 5.0 frw
L

Cranular

e 1 teorie Typa N fauric

Type 1V Fabric required only where there
is a soll-granular material inter face.

Unless Otherwise Noted

SHEET 3

SeTTiement analyses were performea olong The pianneq wall alignment n order To deveiop
sottloment profiios for fhe proposed sfructure. It Is FNSW's understanding that Thoe wall wil
be consfructed and allowed To settle prior 1o 1he attachment of the permanent Fascio.
Time rate of setrtlement calculations INGICate SO percent GF Brimary consoliaatien will ocour
in obout 189 days (27 weeks). In order to monifor the seftlement of the wall. settiement
pla+ferms snail be fUrnisned and Instdiled by +ne CONfractor ot +ne Following approximate
locations. Instaliation of the platforms shall be in occardance with Sectlon 216 of the

amiard SpeCIFIEations For Road amd BFIdge CONSHUSHON 8n Stamdard Drawing
RGX-0I5,

Romp 2 Stotfon
39450, 10’ Rt

41475, 10 Rt

Tne exact lacations shal be determined by the Engneer and o representative of the U
of Structural Dasign, Caotachnical Branch pnce vall layouts have been findizad. Sattlamant
Feadings shall beglt, WITh an mitial reaing ubon placamant of 1ne AIaTform arfor 1o begning
embankment/retaining all construction, Readings shall corrtinue periodically during
follaying completion of the subject roadyay embankmers and retaining siructures. The
settlement platforms shall be 16TT in ploce for fufure readings affer the project fs
completed. Necessary forms for recording seftlement measurements can be obfained from
the  Geotechnical Branch at the request of the Enginser. Engineer will be responsible

a. The Geotechnical Branch vl be responsible
for evauation of the actual settlemen Installation of tne permanent feacia snal not
beqin _until the Gestechnical Branch has determined thot an adequate
Contoiigbnion ot i Fourdarion-sons mes e caniaved. T Camiracter ‘ol ve. responsible
for replacing il domaged settlement pIATFOrMS @t ND exfra Cost,

(Where W is the effective wall height)

MSE WALL ON SOIL

Mechanically Stabilized

rt
B
700 1v fabric [“son
Facing
sail / Panels
1.0 ft- 1.0 ft
U |
T T D £+ minimum*
ER Lt
= T

Type 1V fobric
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Dosian 0T The SuBTeCT re1alning sTructure should ba In GCCHrdANcs WITh Tha AASHTO LRFD
Bridge Design Specifiaations, Fourth Edition.

520 0n T2 sunsurace condiTions encouTered In borgs PRTTOrMea dlong e ol
GTgment, Tha ol #il ba. o a0 beer g 317 0eto Ts recommended that the minimum wall
embednent geptn be i dosordanae yiin Coeion i of 4 XSO LAED briaga Desion
Specifications, Fourth Ediior

Review of he soil profile developed along the wall alignment in confunctian vith the plarned

ooy AN 55 comiroired oy Tha ahar - torm trangh ot tha siaye and The Trietion angle of
the  snde. Value af coneson of 70 BSF and a Triaiien ahge oF T Gedrses For
the alivial clays ang shale (shat rock) embarkment moierials, respectively, derived ram
utcamfined comprossioh teat reults and correlotiots of corrected SPN-valuss,
estinoted roningl bearino Gonacity (o) of the solls between Statlon 3300 and 40105 Is on

of 4,22 The estimated mominol becring Gapasty (qniof the shale  embankment
Dawann Station 030 and 42108 ranass From £1.050 3of 1o 44,300 5oF.

fanstruotion of the planned retaining yall ¥l reauire excavations of the fas of the axiting
well s temporary cxcavnmns Vithin e ‘embanknents
i ot o oxisting amborkmants and
GaJasent $1ruBTUres I conluncHion WITh femporary sxcavarans 16 verifs 1ot e planned
excavation/bracing/shoring Sysfem mainfains the s1ability of fhe highway embankment.

shaulg
safety

Jemerary wol sigpes ang foundarion excavarians n sal shal be praparly desigrea, o
be property braced/snored 1o reduce Tha possiolity of collapse and provids adeauore
7o beobla working I or around e excova ng/shoring shall be perfarmed
accordonce W1th applicable federal, state and local guidelines.

A+ 4he writing of +his repord, o borrow source For embankment matsrid has nat+ been
identified. The engineering analyses performed for the retaining yall opiions are based on
51IMa1ed SOil SFrengtn parameters for 1he retaimBd fill oNd emoAnKMmeNnt materiols. Lt is
recommende barrow material +o be used embarkment construction mesf

following minimum sirength parametars.

Emborsemant Moterfo

Totol Siress Effective Stress

Retoined Fill
latol Stress. Effactive Streas

© - 1400 psf G = 200 psr 140 ps 10 st
s - B- 2z o 27
2= 120 per y

swor

o -

P B
120 pef 2= 12D perf = 10 per
The retcined flll material shallbe plased in the entire orea betweer the wall and o IV Ifne
Hhe heel of the wall far o CIP wall or the base of
p of the woll. Nan-duroble sholes ond fat

clavs (SCS clossiffeation of CH) shoud specifically be excluded fram use within _this zone.

The Cantractor shall perform laboratory testing fo confirm thot the mimimun fotal stress and
effective siress strength porameters ore equolta or greater thon the above values per
matericl type for each borrow orea. The test results shall be submitted to the Engineer for

Use the following sofl strength parameters for design:

Cohesion Friction Ande unit Welgnt

(st (degrees) (pef)
External Back fill
Soll Embankment 200 23 120
Granular Embankment o 38 120
Foundatlan Solls
Existing 150 32 128
Granulor Replacement 0 38 120

LX2004130/PHASEI /S8280/NSE /$92B0_GEONTS3. DGN

. The minimum wall embedment sholl be twa feet, as meosured from the graund surfoce in

GEOTECHNICAL NOTES

for Toe Wall

Flimatorials associatad WIth Intarstate sonstruction and/or proyious dovslopmant in tho Ciry
of Lowisvile wers e the

n
aTeria’s oiong e wail

alignment. The excavatfons shall be despened as necessary To provide an adequate bearing

Granuiar smoankment useq as backfll and/or for over axcavation and replacament shall be
ron-erodible and shall conform fo reaurements of section €05 of tne current Kentucky
Cranaor Spoiicarione_rar Fadd and Bridse Conbrruiarion.. Cantrary o' Sesion 805 of e
abaciiieations, e maximum 4i2a Iinfs ahall be racuced +o four b Inenes.  The aranuio-
embankment material shall be Wrapped With Type IV geotetile fabric meeting the requiremerrts
©F Section 843 of 4Ne CUFrent Kentucky DEpar+ment OF HIGNWOYS S1NdOFa  SpeciFications for
Rood and Bridge Construction to provide separation from the clay —embarkment ond/or
Foundation materials,

Soils exposed WIthIn the battoms of footing frenches shall be ebserved for sutabiiity by o
geotechnicd engineer or an endineering 1aahnhﬂqh Working under his/her direat suoaryislon,
id Fill ar unsuitable materiol which might be encountered shall
by 1he ‘Bxaavation oroases Sauid ba rastored GHiring oraar compacion meineds.
If soft, wat soils ore encountered in tha foundotion excavations, they should ba undarcut o
minimum’ depth of 4o (2 feet and backflled To The design bearing elevation using
ron-erodible Grandlar Embankment conforming fo Section 805 of the current Kenfucky
par tment of Highyays Standard Specifications for Road and Bridge Constructlon. Contrary
o Section 805 of he specifications, the maximum size Iimit shall be reduced fo four ()
inches. The boTtoms of fhe foundation excavations should be proof-rolled o restore fhe
in-ploce density of any soll disturbed In the excavation process. Isolated zones of loose or
wet soll moy also be stabilized using KY size No. 2. 3. or 23 stone, as specified In Section 805
oF fne surrent Kentucky Department of Highvays Standard Specifications far  Road and
Bridge Consiruc

S8 0N fne Geprn 1o Dedrock ana the Anticipated Wall 1000ing, It is recommended tnat tne
retaining vall be supported by o ylelding foundation system. The allowable bearing capacity
of the underlying soll materid Is 2,230 pounds per square foot.

. To malntaln an acceptable fastor for the CORsliding, Tt fs recommended that a minimum of

one faot of material be excovated below the wall footprint ond backfiled with non-erodible
gronuior embankment as defined in Geotechrical Note 8.

front
of the woll down to the base of the footing.

five borings drilled olong the wall alignment.
d

14, Retalning wall stabllity analyses indicate the geemefry far o six oot fall standard gravity wall

5.

(KYTC Standard Draying RGX-002-07) will mest the minimum fogtor for CORsliding bassd on the
ASHTO LRFD Bridgs Desian Speciflvatians. Fourth Edition. IF o gravity | type retaining vall I3
nDsen, The ToundaTion SOlis Wil NEea TO De DVEr excOvdrea ond repiaced WITh granuiar
SMbankmant (506 GeotacmIGal NoTs 13}, and. 1he Dok i barnd Inewall snall consis? or
non-erodible granular embarkment os defined In Geotecnrical or_optlon, a
oty e T eTaining. wah can bo Gesh Wi randen wapk Al brovidsa e e Foondation
solls dra over excavarad and replaced With granLiar ambankment and #ha  base WGt fa
widened to 1.2 fes

Using a priangie of 30 degrees, o yal nelant measuring € feet, o base wigin measuring

feet, on angle between back of the wall and vertical equal to 14.0 degrees, a friction angle
Sanratn e etk oF e men and 1he * backill equal +o 23 degrees, and @ Ui+ eldnt
of 120 pounds per cubic foot for the backfill materiol. the following equivalent fiuid pressures
are spplicab

Siope. Eaquivolent Fiufa Pressure
of ‘Per_Lineor Foot

Bock Oronuor Embonkment (@: 38

Level 41057

v 53 pst

Zw v &4 pst

The backil shall be piaced In fhe entire are betyeen The yalland a 1Y) ine siosing
pword away Trom the base of fhe heel of fhe vall fo fhe Tap of the wall. Type 1V

a5 Shall 56 pledsd on The 1y 0P 1O Teduts e INTIATaTION of Tines InTo

fhe gronuiar material benind the wall and help prevent clogging of fhe drainage system.

arainage  sysTem snall consisT Of 4 Inon diameTer pipe WITN eepnoles insTalled aT 10CATIONS as.

indicated by KYTC Standard Drawing RGX 002-07 or by the Designer: r perforated pipe

installed af fhe base of the wall and 'daylighted to promate ‘dewatering'of the

granuiar  backill.

Retaining wall stabliity analyses indicate a cantilover-typa rataining wall measuring six feat in
nefgnt can mee tne minimun fastor for CORSdng and eocenirielty provided at the
foundarion salls are over excovared and replaced Aith graruor enbankment (see  Geotechrical
Nota . In aodivion, 1he Fooring wigth Wil need Fo be Moredsed 10 4.8 test . (0.8 and the
Back il bering the vall snall consiat of non-erodble aranblar amscrkment e definad
Geotechnical Note

eing o oh anle of 38 deqress, o vertiad back of yall, friction angle betvasn the back af
the wall and backFill af 29 degrees, and a unit veight of 120 pounds per cubic foot for the
Caek Tl meverion, the folloning cquivelent fILia bressures o oppicaie

Eauivolent Fiuic Pressure
Per_L

r Foor
Cronu6e ERSRmGRt ta: 3871
26 pst
33 pst
39 pst
Drolnage systems consisting of free draning materfol ond filier fabrie enol be placed diroctly
penind e wall and be a minimun nickness of Vo () feet. Use of fiter fanric il hel

Teius ‘e otiiration of Tines (M1 he grarser. 1 6E1d barnG. 1na vall oag holb T
cloggino of tne arainage systen. In addition. veep noles shal aso be provided in +he e

the walls. If o drainage system Ts not provided. the design shall incorporate i
Raroctaiie foress o e wan

EXTERNAL EXCAVATION AND BACKFILL REPLACEMENT

External
Back fill

Cast-in-Place
Retaining Wall

Excavate
original
Ground

k4 0.5 ft. minimum Excavate
¥ ariginal
Groung

0 ft, minimum

Type IV Tabric ombedment

SHEET 4 OF 9

External
Back fill

Type IV fabric

Cast-in-Place

Retaining Wall

0.5 4. minimm oo e
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W-21
(1-65) 65 T+58

wsisis SUBSURFACE DATA

Station
Offset 165 Y. =
Elev. (RAMP-2) 38+50 (RAMP 2) 39+69
(Sea lavel 14'R1.
dorom fors = e For clority, ihe planned foe Vollls not shewn In
510 o the clevaifon viey depfoted on this shest.
Q-
im
500 a5 Tor o sanmen
450 A
PROPDSED GROUND LINE AT EXISTING GROLND LINE AT w SUMMARY OF ESTIWATED
B e
480 . NI . B AR
8 H e ARAUETERS
k] g w
f - 122 pot
470 5 Proposed Base of - - - = = e
MSE" #all a 32}9;33
m X
7 / 21,000 psf
450 whoL o = 128 pot
"N N=8 7 A-4a), M, L M
- 2 =115 pef
19 NP TS0 youwr | A5, CL, e
22 (.24 N=12, A-6(4), CL, xeavarion 20 0. 201 +c 271(33+38) - 124 pof
450 S+C=88(59+29) 0_RECOYERY,
12 NP || Ao, SW-SH, S+C=T2ed o[ SIN-le. A-dd), 'sc, ssceafierzs)
Proposed Botdom of N=8, S+C=27 - .
440 4N N=d5 A-1-adl, over Excavation |
. N 30} W-GM, N=439 pb, SM, | ————
5 NP =30 S+C=B(E+2) = .
. 5/25/06X 4 o Ne26d S*CIATE i
= I. This sheet presents geodechnical data and
430 4 N N=407 A-t-ad, sp, 6 NeSB, S4C=T : retommenadtians Refer To brajser pans,
RS N33 SHCA3HD i zﬂg;:l‘zi,rug:dcrcsds Secrions Tor find
NP N=27
4/\7/02 2" Jyea A-1-ba0), SH-SM,| . 2 surface elevations are referenced 1o Wean
420 A-1-bal, SW, Foundation Sofl Modification Required NP Neg3d STEGTE) No_Faundatfon Soll Modification Required so0 L
5 NP Neig J SHC=AGHD Gver _Exca fost, ferjzontally boyond 1 5. Al standord penatration 1ea1ing per forned
e wal berinerer ong o 5 N=22, S+C=5 . for siructure borings were done UTIzing
(Bt beiow, Tro o ot . . R aSTomants ammars
15 N=26, S+C=I E R adrcrit v sh Ceaary
410 W | N aon s i it o e cercong o
19 N=21, S5+C=6 =35 S+C=21012+9) gprained fhrough tmo Bendlay Projectuise
NP N=33 Progr m ine Kentuory Tronooriaiion
400 L Assuc!a#es Design Team on Juns
n L
(402.9) R
(401.2)
38+50 39+00 39+50 40+00 40+50

LX2004130/PHASEI /S8280/NSE /$9280_PROFI.DEN
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Hole No.

Station

Offset

Elev.

(Sea level
gatuml

h10

500 .

SUBSURFACE DATA

14-78
I1-651 633+84
& RY. =

(RANP-2) 40+92
58 Rt.
a52.6
EXISTING GROUND LINE AT §
PROPDSED GROUND LINE AT FRONT FAZE OF WALL 0P OF BARRIER b
FRONT FACE QF WALL g

OFFSET 3T RT

W-79
(1-65) 661+01
130" Rt. =

(RANP-2) d2+26
16” Rt.

as2.2

490

T —

480

Elev. 476.5'

ToP OF WALLJ

MATCHLINE

470

460

450

o~
o8
o

390

380

370

510 |

For clarfty, tha plannad toe vall is not shown In
4he elevation view depicted on +his sheet.

Proposed Base of -
MSE" #all SUNNERY OF ESTIVATED
SETTL e
o1
. Elov. 4675 Lhver
w < :5' over. v
w1 Excovarion -
N 7 N=4, S+C=40 19 N=3, 5+C=54
| Proposed Bottom of g
19 0.08 A-6(D), SC, S+C=40(28+12) ver Excavatton = m
! s - - Over £ e 18 .00 N=8 7 a-4s), cL,
1 2 0.3 M A-5®), CL, S+C=5535+18) 22 .44 | neg | S*CETTEONT
i
. 3 Np N=12 9 A-1-b, SP-sM, s N=5, StC=3 -
=g J S+C=62+4) u - —H e
| 8 NP N=9 8 [N N=8 9 a-30), sp,
v Neg J S*C=5(3+2)
NR
1437.6) 4 N=38, S+C=7
T N=209 a-i-bin, 5P-SM, NOTES:
T = S+C=6(5+1) 1. This sheet presents geatechnical data and
No_Foundatfon Sall NedHication Required Foundation Soll Modification Reauired /1706 X 1 NP N=21 rocommandalions: RoTer 10 Broject plans,
I Over Excavate 5 feet horizontaly beyond profiies, and cross sections for finl
= Giigrmen't and gr ade.
. e Vallperinoter” and ro°a aesin of NP N=15 9 4ol SH-SM,
. (! yomlov, Hhe bottom of ine o IS+co5i4+1) 2. surface elevations are referenced fo Mean
| Reinforced Gromuiar Embankment NP N=t9 3ea Loval.
3. Al standard penetration testing performed
12 N=29, S+C=I2 For siructure borings ware dove utilizing
on aUtomatic hammer:
N=14 4. The information for the retdining wall
elevation Used on fhis droving vas
N2l Gbtained fhrough tne Bendley Pr bjectyise
Program from he Kentioky 1rangsoraiion
Associates Desfgn Team on June 12, 2006.
N=27
18 N=29, S+C=6
NR
(382.2)
40+50 41400 41+50 42+00 42+50
REVISION DATE
RAMP 2 S?a?lon'nq DATE: APRIL 2007 CHECKED BY
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Hale No.
Statian A A A
SHT SUBSURFACE DAT
Elev.
(Sea leval
dafum = For elarity, the planned toe vallls not shown T
510 al= the elevation view depfeted on this shest.
g bl
fl i
500 5 S— !
ul
490 I :
PROPOSED GROUND LINE AT EXISTING GROUND LINE AT N
480 0| FRONT FACE OF WALL FRONT FACE OF WALL ,Iu
" 2
4 =3
o Proposed Base of — Elev, 470,58 =
470 NSE foli /7 .
/ i
460 — ] — " fiey 4800 - == = = = .
5 B Over Proposed Bottom of N
8 Ovar o /over Excavation |
Foundation_Soll Modification Reauired No_Foundation Soll Modification Reauired y
Over Exoavate 8 faet horlzantally beyand 1
Fhe Wail perfmeter and 1a o degih of .
440 B faat below the batiom of e .
NSE Wall. Bockfill with Geogrid I
Reinfarced Granar Embankment
430 RAMP-2 Statloning
39+00 39+50 40+00 40+50
0 0
[ L L Tris sneet prosents gestechnical data and
o recommendations. Reer to prolect plams,
profies, and ereoss sections for final
| Slignment ‘ond arode.
N 2. Surface elevations ore referenced to Mean
7 -2 380 Level:
\ | 3. All standord penetration testing performed
. for structure bormas were done Ltiizing
. an automatic hammer,
3 )3 4. The iformation tor e retaining wal
H slovatlon Used on THs dr oy
: Sblained fhrougn he Beniley Project yise
Program from The Kenrucky Transpor fation
4 | 4 Associates Design Teom on June 12, 2006.
2
[
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490

480

470

460

450

440

430

LX2004130/PHASEI /S9280/NSE/$92B0_SETTZ, OGN

SUBSURFACE DATA

FROFGSED GROUND LINE AT

EXISTING GROUND LINE AT
FRONT FACE OF WAL
FRONT FACE OF WALL

STA. 2408
DFFSET 1317 AT

/Tup OF BARRIER

For elarity, the planned toe vellis not shown In
he slevation viey depfoted on this shest.

ToP oF WALLJ

2
z Proposed Base ot
E MSE Wall —
Elev, 4675
' % ts’ over
| Excavation
H Proposed Bottom nf/
| o E eavation
'
1 No_Fourdation Sofl Madiffcation Required Foundatlon Sofl Modifleation Reaulred
| Guer Exaavats b fest horfzonially beyand
e hall serimator and 1o_0 ayihoF
' o Bl Tha bt lam ot s
MSE Wall. Backfill with Geogrid’
| Reimtaread Gromier Embarnent
40+50 41+00 41+50 42+00 42+50
5 recommsndations. Refer to project plans,
BEoT e and eross. soerions ror Findl
B e S P5de.
2. Surface elevations cre referenced to Mean
2 Seo Level:
3. All stondord penetrotion testing performed
o e o oas ere done SHiing
@ i S altamaric. nammer,
m 3 4. The mrormation Tor tha retaining yal
2 152 100 slovation Used o THis dr oyl
| Sblained fhrougn he Beniley Project yise
3 BPagram dram-ine Konrumey Tt orgaar 1o ion
| 4 Associates Design Team on June 12, 2006
E
(4.5 100 3
i J 5
6 REVISION DATE
DATE: APRIL 2007 CHECKED BY
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DETAILED Bv. FUE [Fve. o
| 7 Lommonwealth of Kentuchy
| DEPARTMENT OF HIGHWAYS
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| SETTLEMENT PROFILE " 8 JEFFERSON
H SCALE: I'=I" e S
I (Vertical only) SCALE: 2 10° 185 (59280 (WES-10) MSE RETAINING WALL
| | | | ITEM NUMBER (";:Rm - e e
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Hole No. 1368 W-27
Station (1-65) 659+85 (I-65) 657+58
offset 114"R1. = 165" Rt. =
Elov. RANP-2) 4102 RANP-2) 38+50
(sea level A 1011, Rt ESTINATED SOIL_STRENGTH PARANETERS
datum) 4925 462.9 T T o o m e R
NBANENT | FILL
500 “duer Exvauotoe rourdstion P— R Py e e | 500
EForular Emsankmant TeRM QPSt|oz M0 estic s o pst 140D st | = 1400 pt
- 13 petf 128 pef [J 122 pef 120 petf 120 pef
490 | vt = o o pst 150 st |& - o pat 200 pat 170 pat
I 23 \ Retalnad | — Reinforced 301 S I 2 o
- - = 7 h a #i
8 -1.50q C=3123+8)
480 = <
5 NP
470 TN
5
460 NP - - - - - - - - - - - - - - - =
TN |4
450 a |4
M. S+C=7(2+5)
. 5 NP W
s N | N=45- A-1-a(l),
440 |5 Botrop of Fon-on.
4 N=49, S+C=B Over Excavation 5 NP | <[N=30- sic=8(6+2)
430 TN N=260 4 1o, GP-GMs 4 N NS0T po-qa, P,
PR N3 ) S¥C=54+D 4 N | o Ne33d SHCEAGHD
420 I S N Ao, SH
[ =13 J SHCEAGHD
NR
410 (417.5) <|N=26, S+C=1
1
Positlon of phreatic surface 19 <|N=21, S+C=6
modeied for shor - and long. ferm
400 Siope stabliity anolysas
NR
(402.9)
RAMP-2 Sta.
380 33+00
150 100 50 0 50 100 150
REVISION DATE
I, This sneet presents geotachrical dato ond DATE:  APRIL 2007 CHECKED BY
recommandations. Refer to project plans,
7535, ond or oss seotons ror - Aird DESIGNED BY: I
Sligrment “and grage DETAILED Y. FUE [Pv. o
2. Surface elevations are referenced ta Meam Lommonwealth of Kenhuchy
so0 Level. DEPARTMENT OF HIGHWAYS
5 Al stendara penetration teating perfornes oy
Sn' auromatic hammers oo “one HIEnS JEFFERSON
4. The Information for the retolning wall Joure Smm=in
erpse secilon Used on ihis dray wﬁj ves, SCALE: I = 10° 165 | 50280 (We5-10) MSE RETAINING WALL|
W
Brogrom fram ine Kertooky Transportatian STABILITY SECTION
AsSaciates Desian ream on Junc 12, 2006, e =
ITEM NUMBER
oS B [
n DREWING MO
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Appendix D

Subsurface Data Sheets
for CIP Cantilever Wall
Option
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BORING LAYOUT
SCALE: ]*

The information for fhe refaining Woll layout used on this
drawing wos abiamed througn the Bentley Projectulse
Progrom from the Kentucky Transportation Associates

Design Tea an March 1, 2007
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Design of the subjgst refaining sfrusture sheus ke in aceordence with the AASHTO LRFD
Bridge Desfgn SpecrTicaTians, Four T Eartion.

Bused an the. subewr face canditions encounterad M barings perforned dlong the vall
alignment, e VIl Will b 0 8911 DBAriNg STrUETUF: QT TR mirimum all
anbaanont deotn be i ascordunce wih Saotion i of Ahe ARSATG LRFD Bridg Desian
Specificatians, Fourtn EGition.

Review bf the sofl prafile developed alang the wall alignment in conjuncrion with ine planned

baaring slevations Tndicate the Wall wil be founded on clayay sails from Station 33+00 +

40700 and shals (shot rock) embankment from Station 40+0 ta 42+08. Thus, the b

copacity il ba coniralled by fhe shori-tarm strenoth of tha claya Tetion ongle of
a0 volus of cohesion of T30 pst snd o Friztion sngls of 35 degress for

ond shole Ishot rock) er ot materials, respectively, derived from

Uncanfined canprasdion Test rasuits ond Gorrelaions oF correcies S Nov

satineted nonino beoTng coparily Gn ot ihe ol e Siotion 30100 s 40100 1s on

he order of 4,2 The estinated nominal bearing copacily (o, #he shae - embonkment

B vee Storlan 0160 nd 52108 rences From 21,05 Bat e B30 on

Constructian of the plonned retaining wall will require excavotions at the toe o the existing
INTersTaTe aNa ramp eMDANKMENTS 4S WBIl AS TEMPOrary 8xGayaTIbns VIMNIM The Bmbarkmenrs
themselves. The Confractar shoud evauate ine STeblity 0T fhe existing embankments and
CONJUNCTION WITN TemPorary excaYaTipns To verify Tnar me planned
excayotion/bracina/shering system maintains The srapility o1 the highyay embankmertts

Temoorary woll doves ond faundation excavations In eoll sl be orovarly desionad: ar  anould

7 Gocor donce with apnlcable. Tederd state and 100dl quidelinas.

A+ the wrifing of this report, o borraw source for embankmert material has not been
identified. The enqinesring alyses performed for the refalming wall optiens ore based on
estimated sall strength paromsters for the retained fill and embarkment moterfls. It Is
recommande: it borrow materid to be used for embankment constructfon meet th
follawing minimum srangth parameters.

Emtonkment Moteriol
Tota Stress  Effective Stress
1400 b 200 pot
2.

=3
120 pef

Retoined Fill

Totol Stross Effective Stress
1400 st 170 psf
o or

S
swo

120 pet 120 pef 120 pef
The retalned il material shall be placed n the entire area betwesn the yol and o i GeY) line
slopmg upward and away fran the base of the heslaf the wall for o CP vl or the bose of
bl AV AL T I N J AT A
Clous WAES croseification ot tb shoud specirically tie exclled Fran cse sl THs sore:

The Confractor shdl perform laboratory festing 1o canfirm that fhe mmimum total stress and
etfective stress strength parameters are equ greater than the obove values p
material fype for eoeh barrow orea. The Test results sndlbe subm'tred fo fhe Enginesr far
approyal.

Flll materfols assocfared with Infersiate construciion ond/or previous davelopment i the City
of Loulsllo yors ancountared itin eacn of The five barings drfled along Tne wal
alignment, Because the structure site is located yithin an area of pravious site grading ond
ConstruoTian, e bantractor snould anticipate endauntering il materials elong e wall
alignment. The excavatfons snall be deepered as necessary fo provide an odequate bearing

Graruior embankment used oe baskFil ang/or for pyer exeovatian and replasensnt snallbe
nan-eradible and shall conforn requirements of current Kentucky
oo Spactiicarions. For. Raod o Brides Lenarsuction Contrars to Sosiion 805 of the
specificatians, the maxdinm size Iimit shall be reduced Fo faur 14l irches. The granul

atorio snl b6 wropbed wTin. Toen 11 qustoxtiie. fourle meating Tha - radiranants
of Section 843 of the current Kentusky Deportment of Hlghwoys Stondard  Specifications far
Rood ond Bridge Camsiruction to provide separation from the cloy embankment and/or
foundation maderials.

LX2004130/PHASEI /S8280/C1P/S928D_GEONTSI. DGN

GEOTECHNICAL NOTES

for CIP Cantilever Retaining Walls

5oils exposed within the bottoms of footing frenches shall be observed for suitability by o
QeOTECNNICOl engineer Or an engineering TeChNiCian working LMGer Nis/ner direct SUPer vIsion.
0ia fill Or UNSUITADIG MaTeriol WNICN MIGNT be @ncoUNTered SNall bO removed. Areds disTUrbed
by the excavatlon process should be restored utilizing proper comoaction methods. H-

Tne -pile size and lengTn For 8ach pils. However. Tne Designer
estimates are for fhe TFGAR referenced in the following table only.

If soft. wet soils are encountered In the foundation excavations. they snould be underout o
minmum’ aeptn 0f t¥o (2) feet ana backfilled o The design bearing elevation uSIN ca
nan-erodible Granular Embankment conforming fo Seotion BO5 of the ourrent Kentucky

riment of Hghways Standard Specifications for Road and Bridge Construction.  Contrary
to_Section 805 of the soscificutions, the moximum size limit sholl be reduced o four )
irohoe. The botiams of the foundofion excovations should bo propi-ralied fo restore ihe
implace density of any sofl disturbed in vation process. Isolated zones
Vet sall may clao be stablized using KY siza No. 2, 3, or 23 stone, o5 speciflad In
of e current Kentucky Depor inent of Highvays Sfandard Specifications far  Road
Bridge Constructios
und surfoce i

The minimum wall embedment should be three (3 feet os meosured from the gro.

front of The woll 10 1ha boss of the foating 10 provide oparoxinotely one @ 1ot of so
caver over e wall TooTing.

BACKTIl DENiNG e Wall can censisT of reTainea Til a3 deTinea in GeoTeCNNIcal Note & or o
non-grodible granular embankment as defined in Geotechnical Note 8. Coefficients of 3

GeTive 6arTn pressure (Ka) yere deTermned based on Coulomd earTn & Theory using ¢

Dhi ongles oF 27 and 38 degrees. g vertical back of wall. and Triction angles befyeen The
back of fhe all and backfill of 17 and 29 degress. Based on @ unit welgnt of 120 pounds
per cubic foot for fthe backfill material. the following eauivalent flUld pressures are
applicable:

Gronuor Emborkment (9= 38)

Saoe tticient of Eauiyalent
'oF Actiye Eortn Fiood Pressure
Bock i Pr Foot

Lovel o.218 2 pst

i 0:5T4 53 pst

Zitiv 052 3 pst

Jroinage systems conslsting of free draing moferfl ona filfer Tabric snoll bo placed direetly
behind the wall and be o minimum fhickness of two feef. Use of filter Fabric will hel
Pedume e Tieation of Fiogs Thio to oramor natari bening 1h6 wel nd nels Feduce
clogging of fne drainage sysfem. In addition. weep noles should also be provided in fhe
design of the walls. roinage system Is not provided, the design should incorporate

Uil hyarostatic forces behind the wall.

. Based on fotal and differential settlement concerns, it s recommended ihat the CIP wall

option be supported by deep foundation elements. The desi deep foundation
system should be based on the following toe and heel pressures caloulated for the wall
configurations described her

14, Axial capacity estimates for single steel H-piles are provided in Appendix 1.
Taple provides esTimaTed pile 1engTs appiicable Tor Tne recommended moximum TOTOl TocTored
gecTecnnical axial resisTances (TFCAR) along T all alignment.  Upan

The fellowing

plie locatlons, arrangament. and loads, o Destaner sould use
snouId noTe That Tnese
Should more or less

pacity be required, e Designer snoUId Consut FMSM Decouse the downarag 10aa ana
\emﬁh of pile subjected to downdrag are a function of the pila length.
Summory of Qriven Plie Copocities
Noximum Totol Foctored Tatol Foctorea Gaatachnicol
teotachnica) kxial Reslatonce” Deptri®  Elevotion Upife+ Reststonce
it 1 (tona)
12481 w.-.
100 7.0 39,1 sz.3
14x73 H-pile
140 7.5 3066 1.3
14x89 H-plle
70 74.5 303.6 139.4

Excludes any positive cesistanco within doyndres zone,
Depth as megsured from the bottom of the pils co
Renorted USIITT resistance 18 for e correspending Blle lenatn.

Tne TFOAR esTIMaTeS provided in APPSNdix [ Were ¢erived using Tne Tollowing resistance
factors, as recommended by the AASHTO LRFD Bridge Design Specifications, Fourth  Edition.

Looding Tonce Arolysis Foo:w
Condltion SRR _vemodeey ‘o)
Nominal Resvsmncs of Skin Frvcﬂun and a-Nethod 0.35
singla PHe n Axial End Ba
Compre: Clay cmd vasd Solls.
Static) Ancﬂysvs

Skin Frvcﬂon and Nordlund/Thurman 0.45

End Beurvn Nethod
Uplift Reslstance of Side Reslstance In a-Nethod 0.25
Shole Pies —Siotie  Clay
Analysls

Nordlund Method 0.35

Side Resistance in
Sand

*From AASHTO LRFD Bridge Desian Specificotions, THd Edition (ncluding 2005 ond

08 Interim Revisions),

porton of Toble

It 1990 1osting and/or_ dyramlc anolysis ot driven plles I sl Is cendusred, The LRFD
resistance f

d to determine the factored axial capacity for design pur
2.3-101 the AASHTO LRFD Bridge Design
n bosed on site variability and the number ar

performed Iaferal capacity analyses based an the pile

rpases may be
Specifications,
performed. 11

esigner lengfhs outlined in

Ceotechnical Note 14, fthe lateradl capacity analyses will need to be revisited If the pile lengths
!oﬂw: Colculoted Pressure: are revised based on load testing and/or dynamic analysis.
ximum Footing yarnot
$totion Interyale  Helgnt _figtn~ _fia: Unrforn Toa Heel
33000 0 40100 37.0 Ff  0.8H 4,880 psf 7,950 pst 3,520 pst
20100 1o 40750 250 O.gM 4670 pat 5700 paf 2,330 pat
40750 1o 41+0) ies £t o 5690 Bar fa%0 par 15a0 pet
41400 fo 41450 R S 20740 psf 3170 pat 1,830 pat
4150 4o 42+08 %5 o 4,90 pof 5,990 paf 3,480 pot
« Ramp 2 Statlening
BTl Hefght
The bearing pressures provided above were determined based on the wall geametries outlined
in fhe Teble. 1f fhe finol design resuits In refaining vell geometries different fhon fhose
outiined above, The refaining ail desianer should per form analyses To determing he
Gppropriate bearing pressures for design of the foundation system.
REVISION DATE
DATE: APRIL 2007 CHECKED BY
DESIGNED BY: T
DETAILED BY: PUB \pw )
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Beoquse the wisening of the roadyay smbankment will be Sonatrusted after installation of
Tne geep ToUMOQTRON EIEMENTS recCOMTENced Tar SUAPDIT of Tne CIP wdl. rMe pies wii be
SubJecTed To doWNdrag 1000s resuITINg From SBTTIAMSNT Of TG foundaTions spils. Ona of e
following alternatives may be implemented to reduce the doyndrog loods:

. Caat piles yith bitumen elip layer Within the zane subjected ta doyndrog to alaw
Detysen fhe 501l aNG the ples. CUFrent pracrice alloys far os muan os 90
percant reduction Tn dawndrag forges with this method.

b. Predrill and provide @ polypropylene or stesl ssave for the pile o raduca dowrdroo.
This method anly prevents contact between the pile ond adlocent soils.

©. Design the embankment with Ightwelght fill to reduce the overallsettlement of the
Foundation  sails.

As roted, all pile capacities presented i Appendix [ are for single piles. In addition +
oBplying Gpprapriote resistonce factors, individunl ccpcities for pes Tn group configurations

ay be further reduced depending upon soll type, bearing condiiion o the plie cop,
Genter-1canter snagina 4 recommended n 1he ARSHTO LAFD Brigge Desion  Snedifications,
Fourth Edition. The follawing criterla shoud be abserved:

Scoup Etdiclency Foctor
Conaatve sota Conasioniess Soils
L£re Cop nat in firm 'op in or not in firm
w Convact §ith Graund Contest Wit Ground  Cantoct whem roues
100 1.00 1.00
Py o it 100

The nodation ‘B is the pile diameter and The percent reduction gan be linearty interpolated
betveen the volues and spocing provided

Tne AKSHTO LRFD Brigos Design Specifications resommend o resistance faotor for norizontal
geoTocmmieal resieTonce of G singe plla o pllo orap of L0 for latara coposlry ancyses.
Appen vides Touolizad SO Profies. That utline 1he. recammandsd Soll paromeers 1or
D T ar e v anybes

GEOTECHNICAL NOTES

for CIP Cantilever Retaining Walls

20.Use Grade 50 stosl H-piles as friction piles. Piles should be driven to the target elevation
nd Tnen IeTT Tor o MMM oT one day 10 alloy TOr QISSIATION DT @XCESS POre pressures
caused by Tne pile INSTANlTION Process. TNIS SNOUId alloy TNe sol
oy ¥aiting period. re-strike he plles 1o see If an odequate caACity has been achieved.

21 Hammer. enargles whioh could drive he plle section were based on tne uitinate driving

resistance TNAt 12x53, 14x73 ONA 14xB9 STeel H-DIleS WOUId experience aurin installation
Drouess. I resre of 1mess caouoiions ore presented In the folloying tabler
Summory of Qriven PRe Copocitles

Moximum Tatol Foctarad b
Seotechnical Axiol Resistance lh'a"- Tio Elevotion

12463 wpao
25 0.0 390,10
0 0.0¢ a8,
60 70,00 3.0
MxT3 Heplie
23 65.5 a02.6
40 mse 396.6%
50 T1.5¢ 396.6°
MxB3 H-plle
25 65.0 03,1
0 735 3946
50 7350 393.6°
Dopth as measured from the bottom of fhe pile cop.

5 Bsed Upon esimoted botrom of plle cop o1 Slevation 468.I feet.
© Deptn/Elevation corresponding to the maximum TFGAR

22. Upon selecting the pile size and length required to support the applied Ioads, the Designer
should select the minimum hammer energy required to drive the piles to the specifled depths
from ihe table presented in Geotechnical Note 21 above. The Designer snouk
+he drayinga that states: A hammer system copable of dellvering o minimum enerq -
foot-kips Wil be necessary to drive the piles without encountering excessive blow _counts
and over-stressing the piles. The ractor should submit appropriate pile driving systems
o the Kentucky Transportation Cabinet for approval prior fe
pile. Appraval of the pile driving system by the Engineer will be sublect to satisfactary
fleld performance of the pile driving procedures.

EXTERNAL EXCAVATION AND BACKFILL REPLACEMENT

External
Back flIl

External
Back flll

Cast-in-Place

Cost-in-Place

23.Upon sslecting the pile size ond length required fo suppert the applied loads, the Designer

SnOUID_ SelecT Tne minfmum Griving resisTonce required To INSTONl TNe pile To Tre design deprn

Gonfractor 10 ald In determining yhen/if fhe plle Nos been driven 1o a sufficent deptn o
achieve The specified copaciTy.

24.Plle_ types, ariving SySfems ana INSTailations SNOUIG CONFOFM 49 GUFFent AASHTO LRFD Bridge

Desion Specifications uniess otherwise specified.

25. Drivability studies were performed gssuming continuous driving. If interruptions in driving

Indivicudl ples should ocour, dif fioulties In continuing fhe Tnstalation process Wil fikely scour
o pils 'sst-up' choracteristic

26.The AASHTO LRFD Bridge Design Fourth Editiol the following

resistance factars far aaramwng he sirietoral sopacity of oiesl H-piles

Resistonce Foctors
Plios Subfected to

from severs Cood
L Congition _Driying Conditions Driying Conditions
Axigl Resistance c20.50 8e=0.60
in Compression
combined Axidl and NA

Flexural Reslstance

+ As specifled in Section 6.5.4.2 OF fhe AASHTO LRFD Bridge Design Specifications.
aur

~k3bly Hhsse values only to the section of the Bl Tikely to be domoged during
driving (Section 6.15.2 of the AASHTO Speciflcations)

Use the following soll strength parameters for design:

. . Cohesion Friction Angle Unit Weight
Retaining Wall Retaining Wall (ps (degrees) (pcf)
Retafned Fill
9.5 1t mwimun 0.5 F+. minimum Soil Embankment 170 g 120
Granular Embankment 0 38 120 s —
Foundation Soils DATE: _ APRIL 2007 CHECKED BY
& FEEgn hipmne DTG Ty Sois 0 % 28 !
Excavate Original et Excavate Original " emoscmant Existing Embankment 0 35 122 DETAILED BY: PR ‘PVK 0B
o0 rou Granular Replacement [ 38 120 Lommonwealth of Kentuchy
H-pile DEPARTMENT OP HIGHWAYS
JEFFERSON
e o
65 | S9288 (Ws5-%) CIP RETAINING WALL
GEOTECHNICAL NOTES
TTEM NUMBER TR E=aey
GifboES BB
n [Gemve e |
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Dosian 0T The SuBTeCT re1alning sTructure should ba In GCCHrdANcs WITh Tha AASHTO LRFD
Bridge Design Specifiaations, Fourth Edition.

520 0n T2 sunsurace condiTions encouTered In borgs PRTTOrMea dlong e ol
GTgment, Tha ol #il ba. o a0 beer g 317 0eto Ts recommended that the minimum wall
embednent geptn be i dosordanae yiin Coeion i of 4 XSO LAED briaga Desion
Specifications, Fourth Ediior

Review of he soil profile developed along the wall alignment in confunctian vith the plarned

ooy AN 55 comiroired oy Tha ahar - torm trangh ot tha siaye and The Trietion angle of
the  snde. Value af coneson of 70 BSF and a Triaiien ahge oF T Gedrses For
the alivial clays ang shale (shat rock) embarkment moierials, respectively, derived ram
utcamfined comprossioh teat reults and correlotiots of corrected SPN-valuss,
estinoted roningl bearino Gonacity (o) of the solls between Statlon 3300 and 40105 Is on

of 4,22 The estimated mominol becring Gapasty (qniof the shale  embankment
Dawann Station 030 and 42108 ranass From £1.050 3of 1o 44,300 5oF.

fanstruotion of the planned retaining yall ¥l reauire excavations of the fas of the axiting
well s temporary cxcavnmns Vithin e ‘embanknents
i ot o oxisting amborkmants and
GaJasent $1ruBTUres I conluncHion WITh femporary sxcavarans 16 verifs 1ot e planned
excavation/bracing/shoring Sysfem mainfains the s1ability of fhe highway embankment.

shaulg
safety

Jemerary wol sigpes ang foundarion excavarians n sal shal be praparly desigrea, o
be property braced/snored 1o reduce Tha possiolity of collapse and provids adeauore
7o beobla working I or around e excova ng/shoring shall be perfarmed
accordonce W1th applicable federal, state and local guidelines.

A+ 4he writing of +his repord, o borrow source For embankment matsrid has nat+ been
identified. The engineering analyses performed for the retaining yall opiions are based on
51IMa1ed SOil SFrengtn parameters for 1he retaimBd fill oNd emoAnKMmeNnt materiols. Lt is

recommende: barrow material to be used for emberkment corsiruction meef
Following minim.m sirengih parametars.
Emborsemant Moterfo Ratoined Fil

Totol Siress Effective Stress latolStress  Effactive Stress

© - 1400 psf G = 200 psr 140 ps 10 st
s - B- 2z o 27
2= 120 per y

swor

o -

P B
120 pef 2= 12D perf = 10 per
The retcined flll material shallbe plased in the entire orea betweer the wall and o IV Ifne
Hhe heel of the wall far o CIP wall or the base of
p of the woll. Nan-duroble sholes ond fat

clavs (SCS clossiffeation of CH) shoud specifically be excluded fram use within _this zone.

The Cantractor shall perform laboratory testing fo confirm thot the mimimun fotal stress and
effective siress strength porameters ore equolta or greater thon the above values per
matericl type for each borrow orea. The test results shall be submitted to the Engineer for

Use the following sofl strength parameters for design:

Cohesion Friction Ande unit Welgnt

(st (degrees) (pef)
External Back fill
Soll Embankment 200 23 120
Granular Embankment o 38 120
Foundatlan Solls
Existing 150 32 128
Granulor Replacement 0 38 120

LX2004130/PHASEI/S8280/C1P/S928D_GEONTS3. OGN

. The minimum wall embedment sholl be twa feet, as meosured from the graund surfoce in

GEOTECHNICAL NOTES

for Toe Wall

Flimatorials associatad WIth Intarstate sonstruction and/or proyious dovslopmant in tho Ciry
of Lowisvile wers e the

n
aTeria’s oiong e wail

alignment. The excavatfons shall be despened as necessary To provide an adequate bearing

Granuiar smoankment useq as backfll and/or for over axcavation and replacament shall be
ron-erodible and shall conform fo reaurements of section €05 of tne current Kentucky
Cranaor Spoiicarione_rar Fadd and Bridse Conbrruiarion.. Cantrary o' Sesion 805 of e
abaciiieations, e maximum 4i2a Iinfs ahall be racuced +o four b Inenes.  The aranuio-
embankment material shall be Wrapped With Type IV geotetile fabric meeting the requiremerrts
©F Section 843 of 4Ne CUFrent Kentucky DEpar+ment OF HIGNWOYS S1NdOFa  SpeciFications for
Rood and Bridge Construction to provide separation from the clay —embarkment ond/or
Foundation materials,

Soils exposed WIthIn the battoms of footing frenches shall be ebserved for sutabiiity by o
geotechnicd engineer or an endineering 1aahnhﬂqh Working under his/her direat suoaryislon,
id Fill ar unsuitable materiol which might be encountered shall
by 1he ‘Bxaavation oroases Sauid ba rastored GHiring oraar compacion meineds.
If soft, wat soils ore encountered in tha foundotion excavations, they should ba undarcut o
minimum’ depth of 4o (2 feet and backflled To The design bearing elevation using
ron-erodible Grandlar Embankment conforming fo Section 805 of the current Kenfucky
par tment of Highyays Standard Specifications for Road and Bridge Constructlon. Contrary
o Section 805 of he specifications, the maximum size Iimit shall be reduced fo four ()
inches. The boTtoms of fhe foundation excavations should be proof-rolled o restore fhe
in-ploce density of any soll disturbed In the excavation process. Isolated zones of loose or
wet soll moy also be stabilized using KY size No. 2. 3. or 23 stone, as specified In Section 805
oF fne surrent Kentucky Department of Highvays Standard Specifications far  Road and
Bridge Consiruc

S8 0N fne Geprn 1o Dedrock ana the Anticipated Wall 1000ing, It is recommended tnat tne
retaining vall be supported by o ylelding foundation system. The allowable bearing capacity
of the underlying soll materid Is 2,230 pounds per square foot.

. To malntaln an acceptable fastor for the CORsliding, Tt fs recommended that a minimum of

one faot of material be excovated below the wall footprint ond backfiled with non-erodible
gronuior embankment as defined in Geotechrical Note 8.

front
of the woll down to the base of the footing.

five borings drilled olong the wall alignment.
d

14, Retalning wall stabllity analyses indicate the geemefry far o six oot fall standard gravity wall

5.

(KYTC Standard Draying RGX-002-07) will mest the minimum fogtor for CORsliding bassd on the
ASHTO LRFD Bridgs Desian Speciflvatians. Fourth Edition. IF o gravity | type retaining vall I3
nDsen, The ToundaTion SOlis Wil NEea TO De DVEr excOvdrea ond repiaced WITh granuiar
SMbankmant (506 GeotacmIGal NoTs 13}, and. 1he Dok i barnd Inewall snall consis? or
non-erodible granular embarkment os defined In Geotecnrical or_optlon, a
oty e T eTaining. wah can bo Gesh Wi randen wapk Al brovidsa e e Foondation
solls dra over excavarad and replaced With granLiar ambankment and #ha  base WGt fa
widened to 1.2 fes

Using a priangie of 30 degrees, o yal nelant measuring € feet, o base wigin measuring

feet, on angle between back of the wall and vertical equal to 14.0 degrees, a friction angle
Sanratn e etk oF e men and 1he * backill equal +o 23 degrees, and @ Ui+ eldnt
of 120 pounds per cubic foot for the backfill materiol. the following equivalent fiuid pressures
are spplicab

Siope. Eaquivolent Fiufa Pressure
of ‘Per_Lineor Foot

Bock Oronuor Embonkment (@: 38
cvel 41057

v 53 pst

Zw v &4 pst

The backil shall be piaced In fhe entire are betyeen The yalland a 1Y) ine siosing
pword away Trom the base of fhe heel of fhe vall fo fhe Tap of the wall. Type 1V

a5 Shall 56 pledsd on The 1y 0P 1O Teduts e INTIATaTION of Tines InTo

material benind 1he wall and help prevent clogaing of the drainage system. The

arainage system snall consisT 0T 4 Incn GlGMeTer pipe WITN Weepnoles INsTaled AT (0caTions oS

indicated by KYTC Standard Drawing RGX 002-07 or by the Designer: and/or perforated pipe

installed af fhe base of the wall and ‘daylighted" to promote ‘dewatering'of the

gronuiar back fill.

Retaining wall stabliity analyses indicate a cantilover-typa rataining wall measuring six feat in
nefgnt can mee tne minimun fastor for CORSdng and eocenirielty provided at the
foundarion salls are over excovared and replaced Aith graruor enbankment (see  Geotechrical
Nota . In aodivion, 1he Fooring wigth Wil need Fo be Moredsed 10 4.8 test . (0.8 and the
Back il bering the vall snall consiat of non-erodble aranblar amscrkment e definad
Geotechnical Note

eing o oh anle of 38 deqress, o vertiad back of yall, friction angle betvasn the back af
the wall and backFill af 29 degrees, and a unit veight of 120 pounds per cubic foot for the
Caek Tl meverion, the folloning cquivelent fILia bressures o oppicaie

Eauivolent Fiuic Pressure
Per_L

r Foor
Cronu6e ERSRmGRt ta: 3871
26 pst
33 pst
39 pst
Drolnage systems consisting of free draning materfol ond filier fabrie enol be placed diroctly
penind e wall and be a minimun nickness of Vo () feet. Use of fiter fanric il hel

Teius ‘e otiiration of Tines (M1 he grarser. 1 6E1d barnG. 1na vall oag holb T
cloggino of tne arainage systen. In addition. veep noles shal aso be provided in +he e

the walls. If o drainage system Ts not provided. the design shall incorporate i
Raroctaiie foress o e wan

EXTERNAL EXCAVATION AND BACKFILL REPLACEMENT

External
Back fill

Cast-in-Place
Retaining Wall

Excavate
original
Ground

k4 0.5 ft. minimum Excavate
¥ ariginal
Groung

0 ft, minimum

Type IV Tabric ombedment
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External
Back fill

Type IV fabric

Cast-in-Place

Retaining Wall

0.5 4. minimum REVISION DATE
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SUBSURFACE DATA

Hole Na. W-21 -7
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510 o5
i .
500 S e o s ! 500
. For clarlty, the planned toe wall s not shown n
490 ToP oOF WALLJ . he elevation viey depicted cn this sheet. 490
|
PROPOSED GROUND LINE AT EXISTING GROUND LINE AT ‘Y
4B0O o FRONT FACE OF WALL FRONT FACE OF WALL /l% [ S oF E=TaTED 480
3 — 3 LENENT PARAETERS
: _ 2 e | earaveres
470 @ Pronesed Base of ;- - - Elev. 4595 v [§IF 470
, | W .
480 wioLbo - _ m 460
[E }A 4@, SM. Elev, 455,0" 14 [T |
19 NP S+C=42(30+12) Wi LT I
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450 59+29) - o RECOYERY, ~ . ' |5 -4 per 450
12 NP A 1-b(D, SW-SM, S+C=72+5) 15 0| <IN-16, A-4(D), SC, $+C=4
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4N N=d5 A-1-adll, | .
440 } Ry 8w N=437 A-1-60), SM, 440
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S+C=BI6+2) 5/25/06% o Neggd SHC4TH :
4 NP N=407 ..
430 Arean o 6 Nese, s+t ! I+ Tt snaat oresants qusracrmon o ond 430
4 N N33 SYC=A3HD recommendations, Refer 1o project plans.
5 NP NP N=279 A-1-b@), SH-SM, Biormant o o ade: et Far
4204106 = NI4T a--bal, sh, WP | < nez3d S*CNEHE) 2. Surface sleverions ore referenced to Veon 420
g | SHC=a3+D
15 NP N=13
15 N=22, S+C=5 3 éH sfﬂyhdarrd Deneﬂ'yuﬂoh fesfdhg Derr;‘or‘med
410 1% N-26, s+C=l ¥ N=33 o aTomarie hommers VoS o urlizing 410
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R
402.9) P
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RAMP-2 Stationing
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Wwdll 0p17on becouss desp feundaiion elements are DATE:  APRIL 2067 CHECKED BY
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460 ooh_w% 11 wiou B 460
" N=4, $+C=40 19 N3, S+C=54 wo|g
1580 19 0.08 g A6, SC, S+C=4028+12) 18 0.00 | NS 1 a s L, b
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140 : 8 NP | [Ny JSHCseH 8 NP | <IN pq) sp 440
- 5 W Neg J S+C=BE2)
430 | 1437.6) 4 N=38, S+C=T 430
7w N-20
. xna, sPesu, e et srssets aeorerca goto ng
420 a11/06 X a1 NP N=21 proTSe o Tose iammns%”ﬂs?v g 420
Sligment na
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e o Cover,
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R L o e wers cane Sriiaing”
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Appendix E

Coordinate Data
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Appendix F

Laboratory Testing
Results



Fuller
Itosshorger
Scolt & .
Mray .

 Tecorettuted b CBcnellofly

Checked toy LIE - f22/ot0

One-Dimensional Consolidation of Soils

ASTM D 2435
ENGINEERS
Project Name Kennedy Interchdnge Phase 1 : Project No. LX2004130
Source 1W-78/659+84, 182' Rt., 5.0'- 7.0, 71 6.8 - 7.0 Sampie ID 1016

Cv computation Method: Square Root of Time

Swell Pressure (isf) - 5.24 £-02

- Precoensolidation Pressure (isf)

initial Void Ratio

0.765

Cty: O ? / Q\&'
Void Ratio at dyq vs. Stress Crz b 032
0.40 N —
e e - : - C=0.009(LL-10) LT TILHH
0.75 R ; o.3En 0%
l N Ted, TN l, AN g ‘
N - T % (Dﬁ
0.70 PP — =187
> R S ¥ " Ce=0:1
Nl TN B o, | il
N‘\\ A St (C o426~ 036!
0.65 N _ i s
] N ! ) Q/,* j
A AN | = {e A
\\\\ ~ 7 =N NN j Lg
0.60 ™ i -
N i lre 0023
2 AN N
= \\ '\\ ’
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£ 055 " v 0.2
g2 " I~
> N
0.50 X
2N
045 == C
KN ' \\
L =1 X
0.40 RN X
AN
"*‘w.@_‘_ R \
0.35 s MY -
iy
0.30
0.0t 04 05 #€ 10 Ho \ao 1000
?& Verticat Effective Stress (TSF}
& Initial Load 2 Unioad @ dmax e Eiipiricat Data Line
& Recompression #  Final Unicad @ dmax
Coefficient of Consolidation
0.80 =
E 0.60 2 ©
f\‘T: 0.40 P 43 &
'S 020 A
3 o & & .
o1 1 10 100 e
Vertical Effective Stress (TSF) /, 8)/
iy
2 l.oad % Raload | 7!-/& 6 ;'/‘;
LX2004130_Con-1016.xis & 4100 . Laboratary Document
(i : O2- s : P d By: MW
Plapared: 021998 Fuller, Mossbarger, Scott and May Engineers, Inc. Arproved Bt TLK

Revised: 2.2002



Appendix G

Correction of SPT Data
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Appendix H

Idealized Soil Profiles



Appendix HXLS
SIHZ00F

SOIL PROFILE LEGEND SHEET

Kennedy Interchange
Retaining Wall $9280 (W65-10)

SUMMARY OF PARAMETERS DEVELOPED FOR SOIL AND BEDROCK PROFILES

Parameter Units Description and Referencé

% bt Total Unit Weight

Yo I/ft? Effective Unit Weight

o ton/ft’ Uniaxial Compressive Strength (either soit or rock)
Gy ton/it? Undrained Shear Strength (either soll of rock)

& " Angle of Internat Friction

ke Ibfin® sy Secant Modulus {computer program [LPILEPLUS}
Ese Iofin® Strain,

alue of strain a 6 Of the maximum stress
lue of strain at 50% of th ; t



Appendin HXLS
512007

Approximate  Approximate
Elevation Depth
(ft) (it}
462.9 - 461.2 0.0
4490 - 447.5 13.9-13.7
1W-77 Only

441.5 19.7

420.0 v

335.6* 12731256

SOIL PROFILE

Kennedy Interchange
Retaining Wall 59280 (W65-10)
Ramp 2 Stations 39+00 to 40+00

(Based on Hole Nos. 1TW-27 and 1W-77)

STRATA

Description

Parameters

Lean Clay with
Silt and Sand
(CL., SM, and
SC)

% {Ib/ft%) = 128.0

G, (tsf} = 0.40
ke {Ibfin®) = 100.0
Ego = 0.007

P-Y Curve Reference Number 3

Sand with Gravel
(SP, and SP-8M)

w{lbH) = 113.0
& (%) = 30.0
ke {Ibfin®) = 26.0

P-Y Curve Reference Number 4

w{b/E%y = 124.0

Sand with Siit ¥, (b = 61.6
and Gravel 0 (%)= 34.0
{SM, SP-SM, SW- Kk (Ibfin®) = 90.0 {above water table)
SM, and SW) k, {Ibfin®) = 60.0 {betow water table)
P-Y Curve Reference Number 4
Top of Rock

* Based on Refusal in Hole 1B-32

Note: A range in ¢levation and depths are being provided because of the
variance befween applicable borings



Appendix H.XLS
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SOIL PROFILE

Kennedy Interchange
Retaining Wall $9280 (W&5-10)
Ramp 2 Stations 40+00 to 40+50
(Based on Hole Nos. 1W-77, TW-368 and 1W-78}

Approximate  Approximate STRATA
Elevation Depth
{fty (ft) Description Parameters
470.5 0.0
v (b/f®) = 122.0

Gravel with Sand $ ()= 35.0

(Shale Shot 4

Rock} ke (fin”) = 80.0

(8C, GP-GM,

and GC-GM}

P-Y Curve Reference Number 4
461.5 - 462.8 9.0-79

+ (bift®y = 128.0

Lean Clay with ¢y (tsf) = 0.40
Siit and Sand i (Ibfin®} = 100.0
(CL, SM, and Ego= 0.007
5C)

PY Curve Reference Number 3
4475 - 4495  23.0-21.0

v (Ib/ft®) = 113.0
¢ (%) =300
Sand with Gravel  k (Ibfin®) = 25.0
(8P, and SP-SM)

P-Y Curve Reference Number 4
441.5 - 440.5 29,0 - 30.0

v (o) = 124.0

420.0 X Sand with Siit v, (/Y = 61.6
- and Gravel ${) =340
(SM, SP-SM, SW- K, (Ib/in®) = 90.0 (above water table)
SM, and SW) K, (Ibfin®) = 60.0 (below water table)
B-Y Curve Reference Number 4
335.6% 134.9 Top of Rock

* Based on Refusal in Hole 1B-32

Note: A range in elevation and depths are being provided because of the
variance between applicable borings



Appendic H XLS
BIR00T

Approximate
Elevation

®

476.5

462.5 - 462.5

448.5 - 448.5

440.5 - 437.5

420.0

335.6°

Apgproximate
Depth
()

0.0

14.0-14.0

27.0-28.0

36.0-39.0

140.9

SOl PROFILE

Kennedy Interchange
Retaining Watl $9280 (W65-10)
Ramp 2 Stations 40+50 to 41+00
(Based on Hole Nos. 1W-368 and 1W-78)

STRATA

Description

Parameters

Gravel with Sand

1 (/A% = 122.0

{Shate Shot s
Rock) ks (Ibfin™} = ©0.0
(SC, GP-GM,
and GC-GM)
P-Y Curve Reference Number 4
Y (/%) = 128.0
Lean Clay with Gy (tsf) = 0.40
Silt and Sand kg {Ibfin®) = 100.0
(CL, SM, and Egg = 0.007
30C)

P-Y Curve Reference Number 3

Sand with Gravet
(8P, and SP-SM)

i (b/A*) = 113.0
B (%)= 300
ks (I/in®) = 25.0

P-Y Curve Reference Number 4

Sand with Silt
and Gravel

(SM, SP-SM, 8w

SM, and SW)

Top of Rock

Y (bt = 124.0
v, (Ibfft°y = 61.6
b0 =340
k, (Ibfin®) = 90.0
K, (i/in®) = 60.0

(above water table)
(below water table)

P-Y Curve Reference Number 4

* Based on Refusai in Hole 1B-32

MNote: A range in elevation and depihs are being provided because of the
variance between applicable borings
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Approximate
Elevation

{ft)

481.5

462.5 - 462.5

448.5 - 440.5

437.5-437.0

420.0

335.6%

Approximate
Depth
{ft)

0.0

19.0 - 19.0

33.0-32.0

44.0-44.5

145.9

SOl PROFILE

Kennedy Interchange

Retaining Wall 89280 (W65-10)
Ramp 2 Stations 41+00 {o 41+50
(Based on Hole Nos. 1W-368 and 1W-78)

STRATA

Description

Parameters

(/i) = 122.0
¢(")=350
ke (Ib/in®) = 90.0

Gravel with Sand
(Shale Shot
Rack)

(8C, GP-GM,
and GC-GM)

P-Y Curve Reference Number 4

+(Ib/ft’) = 128.8

Lean Clay with Gy {i5f) = 0.40
Silt and Sand ke (lbf%ﬂs) = 100.¢
(CL, SM, and Ego= 0.007
8C)

P-¥ Curve Reference Number 3

v (/i) = 113.0
0 (%)= 300
Sand with Gravet  k, (ibfin®) = 25.0

(SP, and SP-SM)

P-Y Curve Reference Number 4

v (Ibift®) = 124.0

Sand with St v, {0/ = 61.6
and Gravel »{%)= 34.0
(SM, SP-SM, SW- K, (Ibfin® = 90.0 (above water tabie)
SM, and SW) &, (Ibfin®) = 60.0 (below water table)
P-Y Curve Reference Number 4
Top of Rock

* Based con Refusal in Hole 1B8-32

Note: A range in elevation and depths are being provided because of the
variance hetween applicable borings



Appenvii HXLE
S2007

Approximate
Etevation
()

487.5

462.5 - 462.5

449.5 - 448.0

437.0-435.0

426.0

335.6"

Approximate
Depth
()

0.0

50-5.0

18.0-18.8

30.5-325

131.9

SOIL PROFILE

Kennedy interchange

Retaining Wall 39280 (W65-10)
Ramp 2 Stations 41+50 to 42+08
{Based on Hole Nos. 1W-368 and 1W-79)

STRATA

Description

Parameters

+ (b/f) = 122.0

Gravel with Sand $ %) = 35.0

{Shale Shot R
Rock) ks (bfin”) = 80.0
{SC, GP-GM,
and GC-GM)
P-Y Curve Reference Number 4
7, Iy = 128.0
tean Clay with ¢y (tsf) = 0.40
Silt and Sand K (Ibfin® = 100.0
(CL, 8M, and Egp= 0.007
80)

P-Y Curve Reference Number 3

v (bift*) = 113.0
¢ (%) = 30.0
Sand with Gravel k&, (i/in®) = 25.0

(SP, and SP-SM)

P-Y Curve Reference Number 4

7 {bf%) = 124.0

Sand with Silt 7, (bAtPY = 61.6
and Gravel ()= 34.0
(SM, SP-SM, SW. K, (Ibin®) = 90.0
8M, and SW) ke {Ibfin®} = 60.0
Top of Rock

(above water table)
(below water fable}

P-Y Curve Reference Number 4

* Based on Refusal in Hole 18-32

Note: A range in elevation and depths are being provided because of the
variance between applicable borings



P-Y Curve Reference Numbers

1. Soft Clay with Free Water. Matlock, H. "Correlations for Design of Laterally Loaded
Piles in Soft Clay", Proceedings, Offshore Technology Conference, Houston, Texas,
1970, Volume 1, Paper No. 1204, pp. 577-594.

2. Stiff Clay with Free Water. Reese, L.C., W.R. Cox, and F.D. Koop, "Field Testing and
Analysis of Laterally Loaded Piles in Stiff Clay", Proceedings, Offshore Technology
Conference, Houston, Texas, Paper No. 2312, 1975, pp. 671-690.

3. Stiff Clay without Free Water. Dunnavant, TW., and MW. O'Neili, "Performance,
Analysis, and Interpretation of a Lateral Load Test of a 72-inch-Diameter Bored Pile in
Over-Consolidated Clay", Department of Civil Engineering, University of Houston-
University Park, Houston, Texas, Report No. UHCE 85-4, September, 1985, 57 pages.

4. Sand Above and Below the Water Table. Cox, W.R,, L.C. Reese, and B.R. Grubbs,
"Field Testing of Laterally Loaded Piles in Sand", Proceedings, Offshore Technology
Conference, Houston, Texas, Volume i, Paper No. 2079, 1974, pp. 459-472.

American Petroleum Institute, Recommended Practice for Planning, Designing and
Constructing Fixed Offshore Platforms, APl Recommended Practice 2A (RP 24},
Seventeenth Edition, April 1, 1987,

5. Soil with Both ¢ and ¢. Evans, L.T., and J.M. Duncan, "Simplified Analysis of Laterally
Loaded Piles", Report No. UCB/GT/82-04, Geotechnical Engineering, Department of Civil
Engineering, University of California, Berkeley, 1982.

6. Vuggy Limestone (Strong Rock). Reese, L.C. and K.J. Nyman, "Field Load Test of
Instrumented Drilled Shafts at Islamorada, Florida", a report to Girdler Foundation and
Exploration Corporation, Clearwater, Florida, February 28, 1978 (unpublished),

Vi exinglortCRAIGIS9280\ppendioes\Appendix Hadoe



Appendix |

Single H-Pile Capacity
Estimates for Ramp 11
Stations 39+00 to 42+08



Resistance Factors for LRFD*

Driven Piles

Resistance Mechanism Analysis Methodology D

1Axial Capacity

Skin Friction and End Bearing in Clays o-Method 0.35

Skin Friction and End Bearing in Sands Nordiund/Thurman Method 0.45
fUplift Resistance :

Clays o~-Method 0.25

Sands Nordlund Method 0.35
IAxiaI Capacity - Dynamic Analysis

Driving Criteria established by dynamic test with signal matching at the 0.65

beginning of redrive conditions only of at least one production pile per

pier, but no less than the number of tests per site provided in Table

10.5.5.2.3-3. Quality control of remaining piles by calibrated wave

eguation and/or dynamic testing

Drilled Shafts
Resistance Mechanism Analysis Methodology @

Axial Capacity

Side Resistance in Clays o-Method 0.45

End Bearing in Clays Total Siress 0.40

Side Resistance in Sands B-Method 0.55

End Bearing in Sands SPT Method 0.50
fUplift Resistance

Clays o~method 0.35

Sands B-Method 0.45

* Resistance Factors from AASHTO LRFD Bridge Design Specifications, 4th Edition,
Table 10.5.5.2.3-1 for Driven Piles and Table 10.5.5.2.4-1 for Drilled Shafts
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Appendix J

H-Pile Driving Resistances
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